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ABSTRACT 
The feeding behaviour of wintering h e r r i n g g u l l s , Laru8 
argentatus, at refuse t i p s was i n v e s t i g a t e d . Immature 
h e r r i n g g u l l s were l e s s s u c c e s s f u l than adults i n 
independent foraging and i n competitive i n t e r a c t i o n s . They 
r e l i e d more h e a v i l y than adults on s t e a l i n g and a t t a c k i n g to 
obtain food. Foraging a b i l i t y improves over at l e a s t the 
f i r s t four years of l i f e . 
Three types of foraging at a r e f u s e t i p were 
d i s t i n g u i s h e d : a) undisturbed primary feeding which was 
highly competitive, b) d i s t u r b e d primary feeding i n which 
g u l l s dipped for food from the a i r and t h e r e f o r e a high 
degree of manoeuvrability was required and c) secondary 
feeding which involved birds' feeding at low d e n s i t i e s on 
dispersed and p a r t i a l l y covered refuse. Adult male h e r r i n g 
g u l l s took part i n more undisturbed feeding, where t h e i r 
greater s i z e afforded them an advantage i n competitive 
i n t e r a c t i o n s , whereas females opted for more disturbed 
feeding, where they were advantaged by t h e i r smaller s i z e 
and t h e r e f o r e lower wing loading. 
The feeding methods used by the smaller numbers of 
great black-backed L. marinus and black-headed g u l l s , L. 
ridibundua present were a l s o r e l a t e d to d i f f e r e n c e s i n 
competitive a b i l i t y and manoeuvrability, both a s s o c i a t e d 
with body s i z e . Use of k l e p t o p a r a s i t l s m increased with 
i n c r e a s i n g body s i z e . Both h e r r i n g and great black-backed 
g u l l s p r e f e r e n t i a l l y attacked aggressive b i r d s . Flock 
composition was v a r i a b l e such that when increased numbers of 
great black-backed g u l l s were present, there was a l s o a 
s h i f t towards the l a r g e r i n d i v i d u a l s of both s p e c i e s . T h i s 
c o n s t i t u t e d an i n c r e a s e i n the frequency of k l e p t o p a r a s i t i c 
i n d i v i d u a l s and under these circumstances female h e r r i n g 
g u l l feeding performance was depressed, whereas that of male 
he r r i n g g u l l s and of great black-backed g u l l s increased. 
Complex i n t e r - and. i n t r a - s p e c i f i c i n t e r a c t i o n s and the high 
degree of s k i l l Involved i n feeding at a r e f u s e t i p l e d to 
l a r g e v a r i a t i o n i n the a b i l i t y of i n d i v i d u a l s to e x p l o i t 
refuse as a food resource. 
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GENERAL INTRODUCTION 
"But r e s i g n t h i s l a n d a t t h e end, r e s i g n i t 
To i t s t r u e owner, t h e tough one, t h e s e a - g u l l . 
The p a l a v e r i s f i n i s h e d . " 
from L a n d s c a p e s : V. Cape Ann by T.S. E l i o t 
D u r i n g t h i s c e n t u r y t h e r e h a s been a p r o g r e s s i v e 
i n c r e a s e i n t h e s i z e of t h e b r e e d i n g p o p u l a t i o n s of s e v e r a l 
s p e c i e s of l a n d g u l l i n b o t h Europe and North A m e r i c a 
(Voous, 1960; K a d l e c £ Drury, 196B; H a r r i s , 1970; Cramp e t 
a l . , 1 9 7 4 ) . The most marked i n c r e a s e h a s been i n t h e number 
of h e r r i n g g u l l s , L a r u s a r g e n t a t u s , w i t h a 12-13% a n n u a l 
i n c r e a s e t h r o u g h o u t t h e B r i t i s h I s l e s s i n c e t h e 1930s 
(Chabrzyk £ C o u l s o n , 1 9 7 6 ) . S e a b i r d s a r e l o n g - l i v e d a n i m a l s 
w i t h l i f e - c y c l e s c h a r a c t e r i s e d by d e l a y e d m a t u r i t y , low 
r e p r o d u c t i v e r a t e s and a h i g h d e g r e e o f p a r e n t a l c a r e of 
t h e i r o f f s p r i n g . These f e a t u r e s a r e a l l t y p i c a l o f 'K-
s e l e c t e d ' s p e c i e s , w h i c h , u s u a l l y a l s o have a s t a b l e 
p o p u l a t i o n s i z e m a i n t a i n e d by d e n s i t y - d e p e n d e n t p r o c e s s e s 
( P i a n k a , 1 9 7 0 ) . A r a p i d and s u s t a i n e d i n c r e a s e i n numbers 
i s t h e r e f o r e a r a r e o c c u r r e n c e i n s u c h an a n i m a l , and c a n be 
t a k e n t o mean t h a t t h e f a c t o r o r f a c t o r s which were l i m i t i n g 
t h e s u r v i v a l o r b i r t h r a t e s o f t h e a n i m a l have changed. 
B i r d p o p u l a t i o n s may be r e g u l a t e d by p r e d a t o r s , food 
s u p p l y , a v a i l a b i l i t y of n e s t s i t e s ( L a c k , 1954) or by 
i n t r i n s i c s o c i a l f a c t o r s (Wynne-Edwards, 19 6 2 ) . Over t h e 
t i m e s c a l e of t h i s c e n t u r y t h e r e h a s been no change i n t h e 
number of a v a i l a b l e n e s t s i t e s , and t h e r e i s no r e a s o n t o 
suppose a sudden change m some i n t r i n s i c f a c t o r r e s p o n s i b l e 
f o r s e l f r e g u l a t i o n . T h i s l e a v e s p r e d a t i o n or food as 
p o s s i b l e c a n d i d a t e s f o r t h e l i m i t i n g f a c t o r w h i c h was 
r e l a x e d a t t h e b e g i n n i n g of t h i s c e n t u r y , t h u s a l l o w i n g t h e 
r a p i d e x p a n s i o n of g u l l p o p u l a t i o n s s i n c e t h a t t i me. The 
p r o t e c t i v e l e g i s l a t i o n w h i c h was i n t r o d u c e d from 1869 
o n w a r d s , t o g e t h e r w i t h more r e c e n t c o n s e r v a t i o n measures, have 
r e s u l t e d i n a r e d u c t i o n m human e x p l o i t a t i o n of g u l l 
p o p u l a t i o n s (Cramp e t a l . , 1 9 7 4 ) . Nowadays t h e s i z e of many 
g u l l c o l o n i e s i s s u c h t h a t i t i s d i f f i c u l t t o i m agine how 
e g g - t a k i n g or s h o o t i n g c o u l d have much e f f e c t on o v e r a l l 
abundance, b u t when g u l l numbers were few, human p r e d a t i o n 
may have been s u f f i c i e n t t o c o n t r o l numbers. However t h e 
i n c r e a s e w h i c h has o c c u r r e d c o u l d n o t have been s u s t a i n e d 
w i t h o u t s u f f i c i e n t food a l s o b e i n g a v a i l a b l e . 
G u l l s a r e o p p o r t u n i s t , g e n e r a l i s t f o r a g e r s and as s u c h 
t a k e a wide v a r i e t y o f foods. The food o f g u l l s i n c l u d e s 
m u s s e l s and s t a r f i s h , f i s h o b t a i n e d by d i r e c t c a p t u r e when 
s h o a l s a r e n e a r t h e s u r f a c e and f i s h o f f a l s c a v enged from 
f i s h quays and from f i s h i n g v e s s e l s a t s e a , earthworms, raw 
sewage and r e f u s e ( H i l l i s , 1973; Watson 1981; 
Mudge s F e r n s , 1982; S i b l y fi McCleery, 1 9 8 3 a ) . As a r e s u l t 
of t h e P u b l i c H e a l t h A c t 1875 r e f u s e began t o be c o l l e c t e d 
r e g u l a r l y and c o n c e n t r a t e d a t r e l a t i v e l y few d i s p o s a l s i t e s . 
T h i s , c o u p l e d wi-th i n c r e a s e s m t h e human p o p u l a t i o n and a 
c o r r e s p o n d i n g i n c r e a s e i n t h e volume of r e f u s e produced, h a s 
l e d t o an i n c r e a s i n g and more dependable food s u p p l y b e i n g 
p r o v i d e d a t r e f u s e t i p s . Such a c o n c e n t r a t e d food s o u r c e 
c o u l d o n l y be f u l l y e x p l o i t e d by s p e c i e s , such a s t h e g u l l s , 
w h i c h were accustomed t o f e e d i n g m h i g h d e n s i t y f l o c k s a t 
more n a t u r a l food s o u r c e s , s u c h a s f i 3 h s h o a l i n g n e a r t o t h e 
s u r f a c e . F i s h o f f a l i s a n o t h e r f o o d u s e d by g u l l s w h i c h h a s 
i n c r e a s e d t h r o u g h o u t t h i s c e n t u r y , m a i n l y t h r o u g h t h e 
i n t e n s i f i c a t i o n of c o m m e r c i a l f i s h i n g . T h e r e i s no e v i d e n c e 
of major changes i n t h e s u p p l y o f any of t h e o t h e r foods 
w h i c h g u l l s t a k e . I n p a r a l l e l t h e r e f o r e w i t h t h e g u l l 
i n c r e a s e , t h e r e h a s been an i n c r e a s e i n t h e a v a i l a b i l i t y of 
c e r t a i n f oods. A lthough t h e e x a c t r o l e of food a v a i l a b i l i t y 
i n t h e i n c r e a s e i n g u l l numbers i s n o t known, b o t h i n c r e a s e d 
p r o d u c t i o n of human w a s t e and i n t e n s i f i c a t i o n of c o m m e r c i a l 
f i s h i n g h ave been c i t e d a s major c o n t r i b u t o r y f a c t o r s 
( H a m s , 1970) . 
A r a p i d and s u s t a i n e d i n c r e a s e i s i n d i c a t i v e of an un-
r e g u l a t e d p o p u l a t i o n , b ut t h i s c a n n o t c o n t i n u e i n d e f i n i t e l y 
a s sooner o r l a t e r some f a c t o r w i l l become l i m i t i n g . T h e r e 
i s some e v i d e n c e t h a t h e r r i n g g u l l p o p u l a t i o n s have s t a r t e d 
t o l e v e l o f f or even t o d e c r e a s e , s i n c e t h e mid 1960s m 
North A m e r i c a ( N i s b e t , 1978) and m S.W. Sweden (Kihlman & 
L a r s s o n , 1974) and s i n c e t h e mid 1970s i n t h e B r i s t o l 
C h a n n e l a r e a ( F e r n s , 1 9 8 2 ) . A r e c e n t B.T.o. s u r v e y of 
w i n t e r i n g g u l l s i n B r i t a i n i n d i c a t e d t h a t t h e r a t e of 
i n c r e a s e m w i n t e r i n g g u l l numbers bad s l o w e d i n t h e l a s t 
decade and t h a t t h e r e had been a s u b s t a n t i a l 54% d e c l i n e i n 
t h e number of h e r r i n g g u l l s compared w i t h 1973 (Bowes e t 
a l . , 1984) . The numbers o f b l a c k - h e a d e d , L. r i d i b u n d u s , 
common, L. canus , and l e s s e r b l a c k - b a c k e d g u l l s , L. f u s c u s , 
had a l l c o n t i n u e d t o i n c r e a s e , w h i l s t t h o s e of g r e a t b l a c k -
backed g u l l s , L. m a r i n u s , showed a s l i g h t d e c l i n e . Changes 
i n w i n t e r d i s t r i b u t i o n a r e p r o b a b l y e s p e c i a l l y i m p o r t a n t f o r 
l e s s e r b l a c k - b a c k e d g u l l s , w h i c h have been w i n t e r i n g f u r t h e r 
n o r t h i n r e c e n t y e a r s (Cramp & Simmons, 198 3 ) , b ut f o r t h e 
o t h e r s p e c i e s t h e s e t r e n d s a r e l i k e l y t o be r e p r e s e n t a t i v e 
of c h a n g i n g p o p u l a t i o n s i z e . An i n c r e a s e i n t h e i n c i d e n c e 
of b o t u l i s m h a s been c i t e d a s a c a u s e of i n c r e a s e d h e r r i n g 
g u l l m o r t a l i t y m some a r e a s , b ut most e v i d e n c e f o r t h i s 
r e m a i n s a n e c d o t a l (but s e e McDonald & S t a n d r m g , 1978) . 
w h i l s t t h e e a r l y s t a g e s of t h e g u l l i n c r e a s e were 
c h a r a c t e r i s e d by l o c a l e x t e n s i o n of t h e b r e e d i n g range, 
t h e r e have a l s o been l a r g e i n c r e a s e s i n c o l o n y s i z e . I t may 
be t h a t i n c r e a s e d c o m p e t i t i o n n e a r t o t h e s e e n l a r g e d 
b r e e d i n g c o l o n i e s h a s l e d , i n r e c e n t y e a r s , t o food s u p p l y 
becoming l i m i t i n g d u r i n g t h e b r e e d i n g s e a s o n . T h i s 
mechanism of food l i m i t i n g s e a b i r d numbers i n t h e b r e e d i n g 
s e a s o n was o r i g i n a l l y p r o p o s e d by Ashmole (196 3 ) , m 
r e l a t i o n t o t r o p i c a l s e a b i r d s , b u t more r e c e n t work h a s 
s u g g e s t e d i t may a l s o a p p l y t o s e a b i r d c o l o n i e s m h i g h e r 
l a t i t u d e s ( Gaston e t a l . , 1983; F u r n e s s & B i r k h e a d , 1984) . 
Mudge & F e r n s (1982) r e p o r t e d i n t e n s e l o c a l c o m p e t i t i o n a t 
r e f u s e s i t e s c l o s e t o c e r t a i n i s l a n d h e r r i n g g u l l and l e s s e r 
b l a c k - b a c k e d g u l l c o l o n i e s m t h e B r i s t o l C h a n n e l and 
s u g g e s t e d t h a t t h e lower growth r a t e s of c h i c k s a t t h e s e 
c o l o n i e s , compared w i t h e l s e w h e r e , might be a consequence of 
t h i s i n c r e a s e i n c o m p e t i t i o n f o r food. S i b l y & McC l e e r y 
(1983b) have gone so f a r as t o s u g g e s t t h a t h e r r i n g g u l l s 
b r e e d i n g a t Walney m Cumbria would n o t be a b l e t o o b t a i n 
s u f f i c i e n t f o o d t o b r e e d w i t h o u t a c c e s s t o t h e l o c a l r e f u s e 
t i p , b e c a u s e of t h e l i m i t e d t e m p o r a l a v a i l a b i l i t y of o t h e r 
foods and t h e need f o r a b r e e d i n g p a i r t o adopt 
complementary f e e d i n g p a t t e r n s d u r i n g t h e i n c u b a t i o n p e r i o d . 
Although t h i s c l e a r l y c a n n o t a p p l y t o a l l g u l l c o l o n i e s , 
s i n c e not a l l a r e near- t o r e f u s e s i t e s , i t i s i n d i c a t i v e 
t h a t o b t a i n i n g s u f f i c i e n t f o o d may p r e s e n t problems f o r 
g u l l s i n t h e b r e e d i n g s e a s o n . R e c e n t e v i d e n c e from s e a s o n a l 
changes i n w e i g h t and s u r v i v a l i n t h e h e r r i n g g u l l i n d i c a t e s 
t h a t both a r e a t a minimum d u r i n g t h e b r e e d i n g s e a s o n 
( C o u l s o n e t a l . , 198 3a) and t h i s s u p p o r t s t h e t h e o r y t h a t 
food may be l i m i t i n g a t t h i s t i m e . However t h e o c c u r r e n c e 
o f m o r t a l i t y i n t h e b r e e d i n g s e a s o n r a t h e r t h a n i n t h e 
w i n t e r may be due t o t h e a d d i t i o n a l c o s t s o f b r e e d i n g . How 
much food b i r d s a c q u i r e d u r i n g t h e w i n t e r and, a s a d i r e c t 
consequence, t h e c o n d i t i o n i n which t h e y e n t e r t h e b r e e d i n g 
s e a s o n , may be c r i t i c a l f o r s u r v i v a l or r e p r o d u c t i v e s u c c e s s 
d u r i n g t h a t p e r i o d . 
I n c r e a s e d l o c a l c o n c e n t r a t i o n s of g u l l s do n o t o n l y 
o c c u r i n t h e b r e e d i n g s e a s o n . H e r r i n g , g r e a t b l a c k - b a c k e d 
and black-headed g u l l s a l l undertake long d i s t a n c e movements 
i n the winter months, from colder areas to warmer ones. 
Some h e r r i n g g u l l s from northern B r i t a i n t r a v e l southwards 
down the e a s t coast at the s t a r t of the winter and back 
again at the end to r e t u r n to t h e i r breeding c o l o n i e s 
(Coulson e t aJL. , 1983b) . Herring g u l l s from northern 
Scandinavia t r a v e l to e a s t e r n B r i t a i n during the winter, 
forming a l a r g e proportion of the w i n t e r i n g h e r r i n g g u l l 
population, p a r t i c u l a r l y i n the south e a s t (Stanley e t a l . , 
1981; Coulson e t a l . , 1984a). The great black-backed g u l l s 
which winter i n north e a s t England breed almost e x c l u s i v e l y 
i n Scandinavia (Coulson e t ajL. , 1984b) and the black-headed 
g u l l s which overwinter i n north e a s t England o r i g i n a t e from 
c o u n t r i e s bordering the B a l t i c (Horton e t a l . , 1984) . A 
consequence of these movements i s tha t , during the winter 
months, the r e l a t i v e l y small population of l o c a l breeding 
h e r r i n g g u l l s i n north e a s t England i s augmented by an 
i n f l u x of h e r r i n g , great black-backed and black-headed g u l l s 
from elsewhere. This leads to i n c r e a s e d competition between 
g u l l s a t feeding s i t e s i n north e a s t England during the 
winter. 
S e v e r a l s t u d i e s have s t r e s s e d the importance of r e f u s e 
as a food for g u l l s e s p e c i a l l y during the winter months, 
when other foods are l e s s a v a i l a b l e (Spaans, 1971; Kihlman & 
Larsson, 1974; Mudge & Ferns, 1982; Horton e t a l . , 1983). 
However, although a r e f u s e t i p might appear to c o n s t i t u t e a 
constant and superabundant food supply f o r g u l l s , s e v e r a l 
s-tudo.es have i n d i c a t e d t h a t t h i s may n o t be t h e c a s e . G u l l s 
f e e d a t h i g h d e n s i t i e s a t t i p s and c o m p e t i t i v e i n t e r a c t i o n s 
a r e f r e q u e n t . Monaghan (1980) found t h a t t h e p r o p o r t i o n of 
immature h e r r i n g g u l l s w h i c h f e d a t t i p s i n t h e w i n t e r was 
much l e s s t h a n t h a t e x p e c t e d from t h e a v e r a g e age 
c o m p o s i t i o n of t h e h e r r i n g g u l l p o p u l a t i o n . She a l s o found 
t h a t f e m a l e h e r r i n g g u l l s f e d more i n t h e edge a r e a s of t h e 
r e f u s e p i l e , where c o m p e t i t i v e i n t e r a c t i o n s were l e s s 
f r e q u e n t , and a l s o t h a t t h e y t e n d e d t o v i s i t more f e e d i n g 
s i t e s t h a n d i d m a l e s . She s u g g e s t e d t h a t b o t h t h e s e f a c t s 
were t h e r e s u l t of t h e c o m p e t i t i v e n a t u r e of f e e d i n g a t a 
r e f u s e t i p and t h a t immatures and f e m a l e s were s u b o r d i n a t e 
t o males, and t h e r e f o r e a t a d i s a d v a n t a g e i n c o m p e t i t i v e 
f e e d i n g . S i b l y & McCleery ( 1 9 8 3 b ) , i n a s t u d y of h e r r i n g 
g u l l s d u r i n g t h e b r e e d i n g s e a s o n , found t h a t f e e d i n g 
e f f i c i e n c y , a s measured by t h e r a t e of w e i g h t g a i n d u r i n g a 
f e e d i n g t r i p , was l e s s f o r f e m a l e s t h a n f o r males when 
f e e d i n g a t r e f u s e t i p s , whereas t h e r e were no d i f f e r e n c e s 
between t h e s e x e s a t o t h e r f e e d i n g s i t e s . They s u g g e s t e d 
t h a t t h e f e m a l e s might be d i s a d v a n t a g e d a t t i p s by h i g h 
l e v e l s of c o m p e t i t i o n between b i r d s . However t h e y found no 
s e x - r e l a t e d p r e f e r e n c e s f o r f e e d i n g s i t e s . Age and 
e x p e r i e n c e may a l s o be an i m p o r t a n t f a c t o r i n t i p f e e d i n g . 
Verbeek (1977a) found t h a t immature h e r r i n g g u l l s were l e s s 
s u c c e s s f u l t h a n a d u l t s i n e x t r a c t i n g e d i b l e i t e m s from t h e 
r e f u s e , and t h a t t h e y a t t e m p t e d t o supplement t h e i r food 
i n t a k e by s t e a l i n g from a d u l t s . A f u r t h e r a s p e c t of t h e 
f o r a g i n g b e h a v i o u r of g u l l s a t t i p s w h i c h h a s r e c e i v e d s c a n t 
a t t e n t i o n i s t h e r e l a t i o n s h i p between t h e f e e d i n g 
p e r f o r m a n c e of t h e i n d i v i d u a l and t h e c o m p o s i t i o n of t h e 
f e e d i n g f l o c k . o t h e r s t u d i e s have shown t h a t f o r a g i n g i n 
mixed s p e c i e s f l o c k s c a n i n v o l v e complex i n t e r - and i n t r a -
s p e c i f i c i n t e r a c t i o n s w i t h i m p l i c a t i o n s f o r t h e c o m p a r a t i v e 
f e e d i n g s u c c e s s of members of t h e f l o c k ( B a r n a r d e t a l . , 
1982) . 
L a r g e numbers of h e r r i n g g u l l s f e e d a t r e f u s e t i p s i n 
n o r t h e a s t E n g l a n d t h r o u g h o u t t h e w i n t e r , t o g e t h e r w i t h 
s m a l l e r numbers of g r e a t b l a c k - b a c k e d and b l a c k - h e a d e d 
g u l l s . T h i s t h e s i s examines t h e n a t u r e of t h e f e e d i n g 
o p p o r t u n i t i e s p r e s e n t e d by a r e f u s e t i p and compares t h e 
ways m which t h e s e t h r e e g u l l s p e c i e s a r e a b l e t o e x p l o i t 
r e f u s e as a food r e s o u r c e . The s t u d y ' s main emphasis i s on 
t h e h e r r i n g g u l l , t h i s b e i n g t h e dominant g u l l s p e c i e s w h i c h 
f e e d s a t r e f u s e t i p s i n t h i s a r e a . Over 9000 h e r r i n g g u l l s 
have been caught a t r e f u s e t i p s i n t h e Durham a r e a , measured 
and e a c h g i v e n a u n i q u e c o m b i n a t i o n of c o l o u r e d p l a s t i c l e g 
r i n g s , as p a r t of a s t u d y of t h e e c o l o g y of w i n t e r i n g 
h e r r i n g g u l l s . Both t h e s e x and r a c e of e a c h h e r r i n g g u l l 
c a n be i d e n t i f i e d from i t s b i o m e t r i c s and from d i f f e r e n c e s 
m m a n t l e shade ( C o u l s o n e t a l . , 1 9 8 4 a ) . The e x i s t e n c e of a 
l a r g e number of u n i q u e l y marked a n i m a l s a l l o w e d i n d i v i d u a l 
v a r i a t i o n i n f e e d i n g methods and p e r f o r m a n c e t o be s t u d i e d . 
The t h e s i s i s p r e s e n t e d as f o u r p a p e r s . The f i r s t 
p a p e r d e a l s w i t h a g e - r e l a t e d d i f f e r e n c e s i n f o r a g i n g s u c c e s s 
i n h e r r i n g g u l l s and examines t h e ways i n w h i c h young b i r d s 
a c q u i r e f e e d i n g s k i l l s . The second paper l o o k s a t t h e 
f o r a g i n g s t r a t e g i e s of a d u l t male and f e m a l e h e r r i n g g u l l s 
and c o n s i d e r s how t h e s e s t r a t e g i e s r e l a t e t o d i f f e r e n c e s i n 
c o m p e t i t i v e a b i l i t y and m a n o e u v r a b i l i t y , b o t h a s s o c i a t e d 
w i t h body s i z e . The t h i r d paper c o n s i d e r s t h e c o m p a r a t i v e 
f e e d i n g e c o l o g y of h e r r i n g , g r e a t b l a c k - b a c k e d and b l a c k -
headed g u l l s , and i n c l u d e s a c o m p a r i s o n of t h e B r i t i s h and 
S c a n d i n a v i a n r a c e s of h e r r i n g g u l l . The f o u r t h paper l o o k s 
i n more d e t a i l a t k l e p t o p a r a s i t i c b e h a v i o u r i n g r e a t b l a c k -
b a c k e d and h e r r i n g g u l l s , t h e d e c i s i o n r u l e s i n v o l v e d and 
t h e i m p l i c a t i o n s of changes i n f l o c k c o m p o s i t i o n f o r t h e 
c o m p a r a t i v e f o r a g i n g s u c c e s s of i n d i v i d u a l s of t h e two 
s p e c i e s and of d i f f e r e n t age, s e x and r a c e i n t h e c a s e of 
t h e h e r r i n g g u l l . 
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2. AGE RELATED D I F F E R E N C E S I N FORAGING SUCCESS I N THE HERRING 
GULL 
2.1 I n t r o d u c t i o n 
I n h i g h e r a n i m a l s , p a r t i c u l a r l y t h o s e w h i c h a r e l b n g -
l i v e d , t h e r e a r e many s k i l l s n e c e s s a r y f o r s u r v i v a l w h i c h 
r e q u i r e a p e r i o d o f l e a r n i n g b e f o r e t h e y b ecome f u l l y 
e f f e c t i v e ( J o h n s t o n 1 9 8 2 ) . Some s k i l l s a r e l e a r n e d 
r e l a t i v e l y q u i c k l y , f o r e x a m p l e m o s t b i r d s a r e a b l e t o f l y 
a t o n l y a f e w w e e k s o f a g e . T h e r e i s e v i d e n c e t h a t 
e f f i c i e n t f o r a g i n g , i n v o l v i n g a s i t d o e s a w i d e v a r i e t y o f 
s k i l l s , may t a k e c o n s i d e r a b l y l o n g e r t o d e v e l o p . L o w e r 
f o r a g i n g a b i l i t y i n i m m a t u r e s c o m p a r e d w i t h a d u l t s h a s b e e n 
d e m o n s t r a t e d i n a number o f s e a b i r d s p e c i e s ( O r i a n s 1 9 6 9 ; 
R e c h e r & R e c h e r 1969; Dunn 1 9 7 2 ; B u c k l e y & B u c k l e y 1 9 7 4 ; 
B a r a s h e t a l . 1 9 7 5 ; V e r b e e k 1 9 7 7 a , b ; I n g o l f s s o n & E s t r e l l a 
1 9 7 8 ; M o r r i s o n e t a l . 1 9 7 8 ; S e a r c y 1 9 7 8 ) . W i t h t h e 
e x c e p t i o n o f V e r b e e k ( 1 9 7 7 a ) , t h e s e i n v o l v e d s t u d i e s o f a 
s i n g l e f o r a g i n g s k i l l w i t h n o i n t e r a c t i o n o r c o m p e t i t i o n 
b e t w e e n i n d i v i d u a l s . I n t h e m a j o r i t y o f c a s e s o n l y two a g e 
g r o u p s w e r e c o m p a r e d . 
T h e h e r r i n g g u l l L a r u s a r g e n t a t u s i s a n o p p o r t u n i s t i c , 
g e n e r a l f e e d e r a n d t h e r e f o r e m a k e s u s e o f a w i d e r a n g e o f 
f o r a g i n g s k i l l s . T h e m a j o r i t y o f h e r r i n g g u l l s do n o t b r e e d 
u n t i l t h e f i f t h y e a r o f l i f e ( C h a b r z y k £ C o u l s o n 1 9 7 6 ) and 
i n l a r g e c o l o n i e s many do n o t b r e e d u n t i l t h e y a r e s i x y e a r s 
o l d ( C o u l s o n , e t a l ^ . 1 9 8 2 ) . B i r d s i n t h e i r f i r s t , s e c o n d , 
t h i r d a n d f o u r t h y e a r s o f l i f e b i r d s a r e d i s t i n g u i s h a b l e on 
t h e b a s i s o f p l u m a g e c h a r a c t e r i s t i c s , T h e p l u m a g e o f many 
i m m a t u r e b i r d s o f known a g e w h i c h we h a v e e x a m i n e d h a s shown 
t h a t t h i s i s a r e l i a b l e m e t h o d o f d e t e r m i n i n g t h e i r a g e a n d 
t h a t e x c e p t i o n s a r e i n f r e q u e n t . I t i s t h e r e f o r e p o s s i b l e t o 
i n v e s t i g a t e t h e d e v e l o p m e n t o f f o r a g i n g s k i l l s u n d e r f i e l d 
c o n d i t i o n s o v e r t h e f i r s t f o u r y e a r s o f l i f e a n d t o c o m p a r e 
t h e s e p e r f o r m a n c e s w i t h t h a t o f a d u l t s . T h e d a t a w e r e 
c o l l e c t e d a t r e f u s e t i p s i n N.E. E n g l a n d t h r o u g h o u t t h e 
w i n t e r , a t w h i c h t i m e r e f u s e i s a f r e q u e n t l y u s e d f o o d 
s o u r c e f o r t h e h e r r i n g g u l l ( S p a a n s 1 9 7 1 ; K i h l m a n & L a r s s o n 
1974; Mudge & F e r n s 1 9 8 2 ) . F e e d i n g o c c u r s m m i x e d f l o c k s 
o f i m m a t u r e a n d a d u l t b i r d s a n d s o i n t h i s s t u d y t h e 
f o r a g i n g a b i l i t y o f b i r d s o f d i f f e r e n t a g e s c o u l d b e 
m e a s u r e d i n t h e same s i t u a t i o n . F u r t h e r , i t w a s a l s o 
p o s s i b l e t o s t u d y t h e e f f e c t o f s o c i a l i n t e r a c t i o n s o n 
i n d i v i d u a l f o r a g i n g s u c c e s s . 
2.2 M e t h o d s 
D a t a w e r e c o l l e c t e d on f e e d i n g b e h a v i o u r o f h e r r i n g 
g u l l s u s i n g c o l o u r v i d e o r e c o r d i n g s made a t f o u r r e f u s e t i p s 
b e t w e e n O c t o b e r 1981 a n d F e b r u a r y 1 9 8 2 . A p p r o x i m a t e l y h a l f 
o f t h e r e f u s e i s o f h o u s e h o l d o r i g i n , a n d t h e d i s t r i b u t i o n 
o f e d i b l e i t e m s w i t h i n i t i s c l u m p e d . T h e r e f u s e i s 
d e l i v e r e d t h r o u g h o u t t h e d a y a n d a b u l l d o z e r w o r k s a l m o s t 
c o n t i n u o u s l y c o m p a c t i n g t h e r u b b i s h a n d t h e n c o v e r i n g i t 
w i t h e a r t h . T y p i c a l l y , g u l l s f e d b r i e f l y w h i l s t t h e 
b u l l d o z e r w a s w o r k i n g , b u t -the o n l y f e e d i n g p e r i o d o f a n y 
l e n g t h was f r o m 1 2 0 0 - 1 2 3 0 h o u r s when t h e t i p p i n g a n d 
b u l l d o z i n g c e a s e d . A l l r e c o r d i n g s w e r e c o n c e n t r a t e d on t h e 
a r e a w h e r e m o s t o f t h e g u l l s w e r e f e e d i n g . I n e v e r y c a s e 
t h e b i r d s w e r e f e e d i n g e i t h e r o n f r e s h l y dumped r e f u s e o r 
r e f u s e w h i c h h a d b e e n r e c e n t l y b u l l d o z e d i n t o p o s i t i o n b u t 
n o t c o v e r e d w i t h e a r t h . 
D a t a w e r e r e c o r d e d f r o m i m m a t u r e b i r d s a g e d b y p l u m a g e 
c h a r a c t e r i s t i c s a n d f r o m i n d i v i d u a l l y c o l o u r - r i n g e d 
i m m a t u r e 3 a n d a d u l t s . T h r o u g h o u t t h i s p a p e r b i r d s i n t h e i r 
f i r s t , s e c o n d , t h i r d a n d f o u r t h y e a r o f l i f e a r e r e f e r r e d t o 
a s f i r s t , s e c o n d , t h i r d a n d f o u r t h y e a r b i r d s r e s p e c t i v e l y . 
T h e t e r m i m m a t u r e i s u s e d t o r e f e r t o a l l t h e s e f o u r a g e 
g r o u p s c o n s i d e r e d t o g e t h e r . T h e f e e d i n g b i r d s w e r e u s u a l l y 
a t a h i g h d e n s i t y o f - 5-10 b i r d s / m and, on a v e r a g e , a 
s e l e c t e d i n d i v i d u a l u s u a l l y m o ves o u t o f v i e w w i t h i n 7 5 - 1 0 0 
s . O b s e r v a t i o n p e r i o d s o f 1 5 - s u n i t s w e r e u s e d a n d t h e 
f o l l o w i n g d a t a w e r e r e c o r d e d f o r e a c h b i r d i n a 1 5 - s u n i t ; 
a ) number o f p e c k s , b) number o f s w a l l o w s ( e a c h d e f i n e d a s 
a f o o d i t e m b e i n g t a k e n a n d s w a l l o w e d ) , c ) number o f p a c e s 
r a n k e d i n o n e o f f o u r c a t e g o r i e s , 0 - n o n e ; 1 - l e s s t h a n 5; 
2 - 5-10; 3 - o v e r 10, d) number a n d n a t u r e o f e n c o u n t e r s 
w i t h o t h e r b i r d s i n c l u d i n g t h e a g e o f t h e o t h e r g u l l s , 
w h e t h e r t h e s u b j e c t i n i t i a t e d t h e a t t a c k o r w a s t h e 
r e c i p i e n t , w h i c h o f t h e b i r d s w a s f e e d i n g a t t h e t i m e o f t h e 
e n c o u n t e r , t h e o u t c o m e o f t h e e n c o u n t e r . D e t a i l e d r e c o r d i n g 
o f e n c o u n t e r s was r e s t r i c t e d t o t h o s e w h i c h i n v o l v e d t h e 
s u b j e c t a n d o n e t o t h r e e o t h e r b i r d s . C a s e s i n v o l v i n g 
l a r g e r g r o u p s o f b i r d s f o r m e d ~ o n l y 1% o f t h e t o t a l 
i n t e r a c t i o n s . 
Two t y p e s o f e n c o u n t e r w e r e d i s t i n g u i s h e d ; i ) a 
a t t a c k made i n o r d e r t o g a i n f o o d b y t h e d i s p l a c e m e n t o f 
a n o t h e r b i r d a n d l i ) a n a t t a c k made i n o r d e r t o d r i v e away 
a b i r d i n t r u d i n g on t o t h e s u b j e c t ' s f e e d i n g p a t c h , i . e . a n 
t e r r i t o r i a l a t t a c k i n d e f e n c e o f f o o d . I n t h i s s e c o n d t y p e 
o f e n c o u n t e r t h e i n t r u d e r t y p i c a l l y a d o p t e d a h u n c h e d , 
s u b m i s s i v e p o s t u r e c l o s e t o a f e e d i n g b i r d a n d , a f t e r 
r e m a i n i n g t h e r e f o r some t i m e , a p p r o a c h e d c l o s e r a n d 
a t t e m p t e d t o s t e a l f o o d f r o m t h e p a t c h t h a t t h e f e e d i n g b i r d 
w a s u s i n g . S u c h a t t e m p t s a l m o s t i n v a r i a b l y r e s u l t e d i n a n 
a t t a c k by t h e f e e d i n g b i r d . 
S u c c e s s m a d i s p l a c e m e n t a t t a c k w a s d e f i n e d a s t h e 
d i s p l a c e m e n t o f t h e o p p o n e n t f r o m i t s p o s i t i o n ( w h i c h w a s 
t h e n t a k e n up b y t h e a t t a c k i n g b i r d ) . S u c c e s s m a n a t t a c k 
i n d e f e n c e o f f o o d w a s c h a r a c t e r i s e d b y t h e r e t r e a t o f t h e 
i n t r u d e r ( t h e a t t a c k i n g b i r d r e m a i n i n g i n p o s s e s s i o n o f t h e 
f o o d ) . 
F e e d i n g r a t e i s m e a s u r e d b y t h e number o f s w a l l o w s 
a c h i e v e d i n 15 s e c o n d s . F e e d i n g e f f i c i e n c y i s t h e p r o p o r t i o n 
o f p e c k s w h i c h r e s u l t e d i n s w a l l o w s . 
D a t a w e r e r e c o r d e d f r o m a t o t a l o f 171 i n d i v i d u a l s , 
f o r a t o t a l o f 985 1 5 - s u n i t s . T h i s r e p r e s e n t s t h e 
a n a l y s i s o f 140 m i n . o f f e e d i n g a c t i v i t y o b s e r v e d on 19 
d a y s . 
3 R e s u l t s 
3 . 1 F e e d i n g r a t e 
F e e d i n g r a t e i n c r e a s e d w i t h a g e ( F i g . 2 . l ) . F i r s t , 
s e c o n d a n d t h i r d y e a r b i r d s a l l h a d s i g n i f i c a n t l y l o w e r 
f e e d i n g r a t e s t h a n a d u l t s (Mann W h i t n e y U t e s t , P < O.OOl, < 
0.05 a n d < o.05 r e s p e c t i v e l y ) . By t h e t i m e b i r d s r e a c h t h e 
f o u r t h y e a r o f l i f e , t h e e s t i m a t e o f t h e i r f e e d i n g r a t e w a s 
n o t s i g n i f i c a n t l y l o w e r t h a n t h a t o f a d u l t s . 
F e e d i n g e f f i c i e n c y a l s o i n c r e a s e d w i t h a g e a n d 
f o l l o w e d t h e same p a t t e r n a s f e e d i n g r a t e ( F i g 2 . 2 ) . F i r s t 
a n d s e c o n d y e a r b i r d s b o t h s h o w e d s i g n i f i c a n t l y l o w e r 
f e e d i n g e f f i c i e n c y t h a n a d u l t s (X\ = 17.78, 4.50, P < 
0.001, P < 0.05 r e s p e c t i v e l y ) . T h e r e w e r e no s i g n i f i c a n t 
d i f f e r e n c e s b e t w e e n b i r d s i n t h e i r t h i r d y e a r a n d o l d e r 
a l t h o u g h t h e t r e n d o f i n c r e a s i n g f e e d i n g e f f i c i e n c y 
c o n t i n u e s u n t i l t h e f o u r t h y e a r o f l i f e . I n o r d e r t o 
e s t a b l i s h t h e w a y s i n w h i c h i m m a t u r e b i r d s w e r e l e s s 
e f f i c i e n t , t h r e e c o m p o n e n t s o f f o r a g i n g w e r e i n v e s t i g a t e d ; 
I ) p e c k r a t e , 11) w a l k i n g r a t e , l i i ) t h e r a t e , n a t u r e a n d 
o u t c o m e o f e n c o u n t e r s b e t w e e n b i r d s . 
3. 2 P e c k r a t e 
T h e r e i s no p r o g r e s s i v e i n c r e a s e i n p e c k r a t e w i t h a g e 
m i m m a t u r e b i r d s ( T a b l e 2.1). A l t h o u g h a d u l t s h a v e a h i g h e r 
p e c k r a t e t h a n a l l a g e c l a s s e s o f i m m a t u r e b i r d s t h e 
d i f f e r e n c e i s s m a l l a n d i n n o c a s e i s i t s i g n i f i c a n t . One 
p o s s i b l e e x p l a n a t i o n f o r t h e s m a l l d i f f e r e n c e i n p e c k r a t e 
w h i c h i s o b s e r v e d i s t h a t a d u l t s t u r n o b j e c t s o v e r i n s e a r c h 
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F i g . 2.2 The percentage of the t o t a l number of pecks which are s u c c e s s f u l 
( i . e . r e s u l t i n a food item being swallowed) f o r h e r r i n g g u l l s of d i f f e r e n t 
ages, with 95% confidence l i m i t s c a l c u l a t e d using an A r c s i n t r a n s f o r m a t i o n . 
Sample s i z e s a r e shown above each p o i n t . 
Table 2.1 Mean Peck Rates f o r Herring G u l l s of D i f f e r e n t Ages 
Age 
c l a s s 
No. of 
samples 
Mean no. 
pecks/15 s S D 
1st y r . 
2nd y r . 
3rd y r . 
4th y r . 
Adult 
225 
133 
119 
135 
373 
4.08 
3.97 
4.24 
3.93 
4.37 
2.86 
2.81 
2.88 
2.63 
2.61 
Table 2.2 The Number of Paces/ 15 s Taken by Two Age C l a s s e s of 
Herring G u l l s w h i l s t Feeding Together on Refuse Dumps 
Number of Paces/15 s 
Age c l a s s 
1st & 2nd y r . No. 0 
0 
1-4 
115 
32 
5-10 
157 
44 
<10 
86 
24 
T o t a l 
358 
over 2 y r s . No. 
% 
6 
1 
238 
38 
288 
46 
95 
15 
627 
Note: A f t e r combining the none and 1-4 paces/15 s c a t e g o r i e s , the 
d i s t r i b u t i o n s of re c o r d s of paces f o r the two age c l a s s e s a r e 
s i g n i f i c a n t l y d i f f e r e n t (xl = 12.25, p < 0.01). 
I s 
o f • e d i b l e i t e m s a t a f a s t e r r a t e t h a n do i m m a t u r e b i r d s 
( V e r b e e k 1 9 7 7 a ) . A l t h o u g h a d u l t s do n o t p e c k a g r e a t d e a l 
f a s t e r t h a n i m m a t u r e s , t h e i r p e c k i n g i s more p r o d u c t i v e a n d 
u n c o v e r s more f o o d i t e m s p e r u n i t t i m e . 
2.3.3 W a l k i n g r a t e 
T h e r e i s n o s i g n i f i c a n t d i f f e r e n c e b e t w e e n t h e mean o r 
t h e d i s t r i b u t i o n o f v a l u e s f o r w a l k i n g r a t e o f t h i r d a n d 
f o u r t h y e a r b i r d s a n d a d u l t s , a n d t h e s e a g e c a t e g o r i e s h a v e 
b e e n g r o u p e d t o g e t h e r . T h i s o l d e r a g e g r o u p h a s a n 
a p p r o x i m a t e l y 1 3 % l o w e r w a l k i n g r a t e t h a n f i r s t a n d s e c o n d 
y e a r s ( T a b l e 2.2 ) . T h i s d i f f e r e n c e i s s t a t i s t i c a l l y 
s i g n i f i c a n t (P < o . O l ) . On a v e r a g e f i r s t a n d s e c o n d y e a r s 
t a k e 133 p a c e s p e r f o o d i t e m s w a l l o w e d c o m p a r e d t o t h e 41 
p a c e s p e r s w a l l o w o f o l d e r b i r d s . 
2.3.4 E n c o u n t e r r a t e s 
O wing t o l a r g e v a r i a n c e s i n e n c o u n t e r r a t e a n d t h e 
s m a l l e r s a m p l e s i z e s f o r s e c o n d , t h i r d a n d f o u r t h y e a r 
b i r d s , no s i g n i f i c a n t d i f f e r e n c e s c a n b e s hown b e t w e e n t h e s e 
a g e g r o u p s a n d t h e d a t a f o r t h e s e a g e c l a s s e s h a v e b e e n 
c o m b i n e d . T h e p r o p o r t i o n s o f a d u l t a n d i m m a t u r e b i r d s b e i n g 
i n v o l v e d i n a n e n c o u n t e r i n a 1 5 - s u n i t a r e shown i n T a b l e 
2.3. I m m a t u r e b i r d s a r e s i g n i f i c a n t l y more l i k e l y t o b e 
i n v o l v e d i n a n e n c o u n t e r i n 15 s e c o n d s t h a n a r e a d u l t b i r d s 
(X\ = 9.08, P < o . O l ) . T h e r e a r e t w o w a y s o f l o o k i n g a t a n 
e n c o u n t e r ; ( i ) f r o m t h e p o i n t o f v i e w o f t h e a t t a c k i n g b i r d ; 
( l i ) f r o m t h e p o i n t o f v i e w o f t h e a t t a c k e d b i r d . T h e r a t e s 
a t w h i c h d i f f e r e n t a g e d b i r d s a t t a c k a n d a r e a t t a c k e d a r e 
Table 2.3 P r o b a b i l i t i e s of being I n v o l v e d i n an Encounter i n 15 s 
for Herring G u l l s of D i f f e r e n t Ages 
Age c l a s s of No. of 
s u b j e c t samples 
" A l l Encounter i n Encounter i n 
encounters which s u b j e c t which s u b j e c t 
attacked was a t t a c k e d 
1 s t y r . 
2nd-4th y r . 
Adult 
225 
387 
373 
0.182 
0.191 
0.115 
0.120 
0.106 
0.056 
0.067 
0.090 
0.064 
Because o c c a s i o n a l l y a b i r d a t t a c k e d and was at t a c k e d w i t h i n the 
same 15-second o b s e r v a t i o n u n i t , the va l u e in- t h i s column may be 
l e s s than the sum of the v a l u e s i n the l a s t two columns. 
c o n s i d e r e d s e p a r a t e l y . 
A t t a c k i a t e s . I m m a t u r e b i r d s a r e s i g n i f i c a n t l y more 
l i k e l y t o make an a t t a c k i n 15 s t h a n a r e a d u l t b i r d s ( T a b l e 
2.3, X 2 - B.47, P < 0 . 0 1 ) . T h e r e i s no s i g n f i c a n t 
d i f f e r e n c e i n t h e p r o p o r t i o n s o f a t t a c k s o f d i f f e r e n t t y p e s 
made b y d i f f e r e n t a g e d b i r d s . C o n s i d e r i n g a l l a g e g r o u p s 
t o g e t h e r , 5 9% (N = 1B9) o f a t t a c k s w e r e made i n o r d e r t o 
o b t a i n f o o d b y t h e d i s p l a c e m e n t o f a n a c t i v e l y f e e d i n g b i r d 
( d i s p l a c e m e n t a t t a c k s ) , t h e r e m a i n d e r b e i n g a t t a c k s t o d r i v e 
away i n t r u d e r s ( a t t a c k s i n d e f e n c e o f f o o d ) . T h e p r o p o r t i o n 
o f b i r d s m a k i n g a d i s p l a c e m e n t a t t a c k i n 15 s d e c r e a s e s w i t h 
a g e ( F i g . 2-3) • The d i s p l a c e m e n t a t t a c k r a t e o f b i r d s i n 
t h e i r f i r s t y e a r i s t w i c e t h a t o f a d u l t s (X2 = 4 . 9 9 , P < 
0.0 5 ) w i t h t h e 2-4 y e a r a g e c l a s s b e i n g i n t e r m e d i a t e . T h e r e 
i s no c o r r e s p o n d i n g a g e - r e l a t e d t r e n d i n a t t a c k s i n d e f e n c e 
o f a f o o d a r e a ( F i g . 2 . 4 ) . S i n c e t h i s t y p e o f a t t a c k i s 
p r e c i p i t a t e d b y t h e i n t r u s i o n o f a b i r d i n t o t h e a t t a c k e r ' s 
f e e d i n g p a t c h , i t i s a f u n c t i o n o f t h e i n t r u d e r ' s b e h a v i o u r 
r a t h e r t h a n t h a t o f t h e a t t a c k i n g b i r d . I t i s t h e r e f o r e 
m ore a p p r o p r i a t e t o l o o k a t t h e a g e o f i n t r u d e r s a nd t h i s i s 
d e s c r i b e d i n t h e f o l l o w i n g s e c t i o n . 
R a t e s o f b e i n g a t t a c k e d . T h e p r o p o r t i o n o f i m m a t u r e b i r d s 
w h i c h a r e a t t a c k e d m 15 s i s n o t s i g n i f i c a n t l y d i f f e r e n t 
f r o m t h a t o f a d u l t s ( T a b l e 2.3 ) . However t h e r e a s o n f o r 
a t t a c k s d o e s v a r y a c c o r d i n g t o t h e a g e o f t h e a t t a c k e d b i r d . 
F i g u r e 2.5 s h o w s t h a t f i r s t y e a r s a r e l e s s l i k e l y t o b e 
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F i g . 2.3 The p e r c e n t a g e o f h e r r i n g g u l l s which make a d i s p l a c e m e n t a t t a c k 
i n 15 s f o r b i r d s o f d i f f e r e n t ages, w i t h 95% c o n f i d e n c e l i m i t s c a l c u l a t e d 
u s i n g an A r c s i n t r a n s f o r m a t i o n . Sample s i z e s a r e shown above each p o i n t . 
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F i g . 2.4 The percentage of h e r r i n g g u l l s which a t t a c k i n defence o f f o o d 
i n 15 s f o r b i r d s of d i f f e r e n t ages, w i t h 95% confidence l i m i t s c a l c u l a t e d 
using an A r c s i n t r a n s f o r m a t i o n . Sample s i z e s are shown above each p o i n t . 
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F i g . 2.5 The percentage of h e r r i n g g u l l s which are s u b j e c t to a displacement 
a t t a c k i n 15 s f o r b i r d s of d i f f e r e n t ages, w i t h 95% confidence l i m i t s 
c a l c u l a t e d using an A r c s i n t r a n s f o r m a t i o n . Sample s i z e s are shown above each 
p o i n t . 
i 
17 
s u b j e c t t o d i s p l a c e m e n t a t t a c k s t h a n a r e o l d e r b i r d s ( f i r s t 
y e a r c o m p a r e d w i t h o l d e r b i r d s ; xl = 3.72, P < 0 . 0 5 ) . T h i s 
i s n o t s u r p r i s i n g s i n c e d i s p l a c e m e n t a t t a c k s a r e d i r e c t e d a t 
f e e d i n g b i r d s a n d f e w e r o f t h e s e a r e f i r s t y e a r s d u e t o 
t h e i r l o w e r f e e d i n g r a t e s . I n c o n t r a s t . F i g 2.6 s h o w s t h a t 
i m m a t u r e b i r d s a r e s i g n i f i c a n t l y m o re l i k e l y t o b e a t t a c k e d 
b y b i r d s d e f e n d i n g f o o d ( i m m a t u r e s c o m p a r e d w i t h a d u l t s ; xl 
- 7.36, P < 0 . 0 1 ) . S i n c e a l l m a j o r i n t r u s i o n s r e s u l t m a n 
a t t a c k b y t h e f e e d i n g b i r d , t h e r a t e o f b e i n g a t t a c k e d b y 
b i r d s d e f e n d i n g f o o d c a n b e e q u a t e d w i t h t h e r a t e o f 
i n t r u d i n g . F i r s t y e a r b i r d s a r e 5 t i m e s more l i k e l y t o 
i n t r u d e on t o t h e f e e d i n g p a t c h e s o f o t h e r s t h a n a r e a d u l t s , 
w i t h t h e 2-4 y e a r a g e c l a s s b e i n g i n t e r m e d i a t e . 
2.3.5 Outcome o f e n c o u n t e r s 
T h e p r o p o r t i o n s o f a t t a c k s i n w h i c h d i f f e r e n t a g e d 
b i r d s a r e s u c c e s s f u l a r e g i v e n i n T a b l e 2.4 . I n 8 9 % o f 
e n c o u n t e r s (N = 1 8 9 ) t h e b i r d w h i c h i n i t i a t e d t h e a t t a c k 
won, i r r e s p e c t i v e o f i t s a g e , t h e o t h e r b i r d g i v i n g way 
i m m e d i a t e l y . C o n s i d e r i n g a l l a g e g r o u p s t o g e t h e r b i r d s a r e 
s i g n i f i c a n t l y m o re l i k e l y t o w i n a n a t t a c k m d e f e n c e o f 
f o o d t h a n a d i s p l a c e m e n t a t t a c k (Xf = 7.9, P < 0 . 0 1 ) . O n l y 
two s u c c e s s f u l i n t r u s i o n s w e r e o b s e r v e d , i . e . m w h i c h t h e 
f e e d i n g b i r d w i t h d r e w , a n d t h e s e w e r e b o t h a d u l t s i n t r u d i n g 
o n t o t h e f e e d i n g a r e a o f i m m a t u r e b i r d s . I n n e i t h e r c a s e 
d i d t h e i n t r u d e r g a i n a n y f o o d . T h u s , i n t r u s i o n o n t o a n o t h e r 
b i r d ' s f e e d i n g p a t c h i s a m o s t u n s u c c e s s f u l m e t h o d o f 
o b t a i n i n g f o o d . 
10 2 2 5 387 3 7 3 
8 
% 
1yr 2 - 4 y rs Adult 
AGE 
F i g . 2.6 The percentage of h e r r i n g g u l l s which i n t r u d e on to another's 
feeding patch i n 15 s f o r b i r d s of d i f f e r e n t ages w i t h 95% confidence l i m i t s 
c a l c u l a t e d using an A r c s i n t r a n s f o r m a t i o n . Sample s i z e s a r e shown above eac 
p o i n t . 
Table 2.4 Proportions of A t t a c k s which are Won by Herring G u l l s 
of D i f f e r e n t Ages (sample s i z e s shown i n Parentheses) 
Age c l a s s of A l l Displacement A t t a c k s i n 
A t t a c k e r Attacks A t t a c k s Defence of 
Food 
1st y r . 0.83 ( 42) 0.73 ( 28) 0.93 (14) 
2nd y r . 0.86 ( 15) 0.83 ( 12) 1.00 ( 3) 
3rd y r . 0.90 ( 20) 0.91 ( 11) 0.90 ( 9) 
4th y r . 1.00 ( 26) 1.00 ( 10) 1.00 (16) 
Adult 0.91 ( 86) 0.84 ( 51) 1.00 (35) 
A l l ages 0.89 (189) 0.85 (112) 0.97 (77) 
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S u c c e s s m a d i s p l a c e m e n t a t t a c k i s n o t n e c e s s a r i l y 
d i r e c t l y l i n k e d t o f o o d g a m , D i s p l a c e m e n t a t t a c k s b y 
a d u l t s r e s u l t m 6 0 % (N = 15) o f t h e a t t a c k i n g b i r d s 
s w a l l o w i n g f o o d w i t h i n 15 s . T h e c o r r e s p o n d i n g f i g u r e f o r 
a t t a c k i n g i m m a t u r e b i r d s i s s i g n i f i c a n t l y l o w e r a t 1 5 % (N = 
46, x \ = 9.52, P < 0 . 0 1 ) . T h u s , d e s p i t e a p p r o x i m a t e l y e q u a l 
s u c c e s s i n d i s p l a c i n g b i r d s , a d u l t s b e n e f i t c o n s i d e r a b l y 
m ore f r o m e a c h d i s p l a c e m e n t a t t a c k t h a n do i m m a t u r e b i r d s , 
d u e t o t h e a d u l t b i r d ' s g r e a t e r a b i l i t y t o d e t e c t a n d 
e x t r a c t e d i b l e i t e m s f r o m t h e r e f u s e p i l e . H owever o n l y 1 1 % 
(N = 15 5) o f f o o d i t e m s s w a l l o w e d b y b i r d s o f o v e r 1 y e a r 
o l d a r e g a i n e d a s a r e s u l t o f a d i s p l a c e m e n t a t t a c k w h e r e a s 
t h e c o r r e s p o n d i n g f i g u r e f o r f i r s t y e a r b i r d s i s 3 3 % (N = 
2 4 ) . T h i s d i f f e r e n c e i s s i g n i f i c a n t ( x \ = 6.89, P < 0 . 0 1 ) . 
T h i s s u g g e s t s t h a t f i r s t y e a r b i r d s r e l y more on o b t a i n i n g 
f o o d f r o m o t h e r b i r d s t h r o u g h d i s p l a c e m e n t a t t a c k s w h e r e a s 
o l d e r b i r d s g a i n a l m o s t a l l t h e i r f o o d b y s e a r c h i n g t h e 
r e f u s e p i l e i t s e l f . 
2.4 D i s c u s s i o n 
U n d e r t h e f e e d i n g c o n d i t i o n s i n v e s t i g a t e d i m m a t u r e 
h e r r i n g g u l l s h a d a l o w e r p e c k r a t e a n d t o o k more p a c e s p e r 
u n i t t i m e t h a n a d u l t b i r d s . T h e y made more a t t e m p t s t o g a i n 
f o o d f r o m o t h e r b i r d s , b y d i s p l a c e m e n t a t t a c k s a n d b y 
i n t r u s i o n s on t o t h e f e e d i n g p a t c h e s o f o t h e r s , r a t h e r t h a n 
s e a r c h i n g t h e r e f u s e i t s e l f . T h e e v i d e n c e f r o m d i s p l a c e m e n t 
a t t a c k s s u g g e s t s t h a t f i r s t y e a r b i r d s i n p a r t i c u l a r w e r e 
more d e p e n d e n t t h a n o l d e r b i r d s on o t h e r g u l l s f o r t h e 
l o c a t i o n o f f o o d . A l t h o u g h i m m a t u r e g u l l s w e r e a s 
s u c c e s s f u l a s a d u l t s m d i s p l a c i n g b i r d s , t h e y w e r e l e s s 
a b l e t o o b t a i n f o o d f r o m t h e i r n e w l y a c q u i r e d f e e d i n g p a t c h . 
When i m m a t u r e b i r d s i n t r u d e d o n t o t h e f e e d i n g p a t c h e s o f 
o t h e r s , t h e y w e r e i n v a r i a b l y a t t a c k e d , d r i v e n o f f a n d 
o b t a i n e d no f o o d . T h u s i m m a t u r e b i r d s w e r e c o n s i d e r a b l y 
l e s s s k i l l f u l t h a n a d u l t s b o t h i n f i n d i n g a n d o b t a i n i n g f o o d 
f r o m r e f u s e . T h i s l a c k o f s k i l l a n d g r e a t e r d e p e n d e n c e o f 
i m m a t u r e h e r r i n g g u l l s on o t h e r b i r d s f o r o b t a i n i n g f o o d i s 
a l s o d e s c r i b e d b y V e r b e e k ( 1 9 7 7 a , b ) . He f o u n d t h a t i m m a t u r e 
h e r r i n g g u l l s f e e d i n g .on r e f u s e a n d o n s t a r f i s h w e r e l e s s 
s k i l f u l t h a n a d u l t s a n d u s e d c h a s i n g a n d s t e a l i n g a s a n 
i m p o r t a n t m e t h o d o f o b t a i n i n g f o o d . 
I n a l l a s p e c t s o f f o r a g i n g e x a m i n e d i n t h i s s t u d y 
f i r s t y e a r a n d a d u l t b i r d s f o r m e d t h e two e x t r e m e s w i t h 
s e c o n d , t h i r d a n d f o u r t h y e a r b i r d s b e i n g i n t e r m e d i a t e . 
T h e r e f o r e t h e f o r a g i n g s u c c e s s o f h e r r i n g g u l l s a t r e f u s e 
s i t e s g r a d u a l l y i m p r o v e s o v e r a t l e a s t t h e f i r s t f o u r y e a r s 
o f l i f e . S e v e r a l s k i l l s a r e r e q u i r e d m o r d e r t o f e e d 
s u c c e s s f u l l y i n s u c h a s i t u a t i o n . T h e b i r d m u s t b e a b l e t o 
f i n d a n d t o r e c o g n i s e e d i b l e i t e m s a n d t o e x t r a c t t h e m f r o m 
t h e r e f u s e . F e e d i n g i s h i g h l y c o m p e t i t i v e s i n c e t h e g u l l s 
a r e a t h i g h d e n s i t y a n d t h e t i m e a v a i l a b l e f o r f e e d i n g i s 
l i m i t e d . I t m u s t , - t h e r e f o r e , b e a b l e t o o b t a i n f o o d r a p i d l y 
b e f o r e t h e e d i b l e f r a c t i o n o f t h e r e f u s e b e c o m e s d e p l e t e d b y 
t h e o t h e r f e e d i n g g u l l s . W h i l s t t r i a l a n d e r r o r l e a r n i n g i s 
u n d o u b t e d l y o f c o n s i d e r a b l e i m p o r t a n c e , c l o s e c o n t a c t a n d 
i n t e r a c t i o n s w i t h a d u l t s , w h i c h h a v e m a s t e r e d t h e a b i l i t y o f 
f e e d i n g r a p i d l y a n d s u c c e s s f u l l y a t r e f u s e s i t e s , may a s s i s t 
i m m a t u r e b i r d s t o l e a r n a n d i m p r o v e f o r a g i n g s k i l l s . T h e 
e n h a n c i n g e f f e c t o f s o c i a l l e a r n i n g o n f e e d i n g e f f i c i e n c y 
h a s b e e n o b s e r v e d m a number o f b i r d s p e c i e s ( H i n d e & 
F i s h e r 1 9 5 1 ; L o c k i e 1 9 5 6 ; K l o p f e r 1 9 5 9 ; M u r t o n e t a l . 1 9 7 1 ; 
K r e b s e t a l . 1 9 7 2 ) . 
When f e e d i n g a t a r e f u s e s i t e , i m m a t u r e h e r r i n g g u l l s 
e x p e n d more e n e r g y p e r u n i t t i m e t h a n a d u l t s b o t h b e c a u s e o f 
t h e i r h i g h e r e n c o u n t e r r a t e s a n d h i g h e r w a l k i n g r a t e s , i n 
a d d i t i o n , i m m a t u r e b i r d s h a v e l o w e r f e e d i n g r a t e s . 
T h e r e f o r e , i n t e r m s o f f o o d g a i n p e r u n i t o f e n e r g y 
e x p e n d e d , t h e f o r a g i n g o f i m m a t u r e b i r d s i s c o n s i d e r a b l y 
l e s s e f f i c i e n t t h a n t h a t o f a d u l t s . H o wever, s u r v i v a l a n d 
b o d y w e i g h t a r e a t a maximum f o r a l l a g e s o f h e r r i n g g u l l s 
d u r i n g t h e w i n t e r m o n t h s ( C o u l s o n e t a l . 198 3a). T h i s 
s u g g e s t s t h a t m o s t i m m a t u r e b i r d s a r e a b l e t o g a t h e r 
s u f f i c i e n t f o o d f o r s u r v i v a l , a l b e i t l e s s e f f i c i e n t l y t h a n 
a d u l t s . T h e l o w e r f e e d i n g e f f i c i e n c y o f i m m a t u r e b i r d s h a s 
s e v e r a l i m p l i c a t i o n s . One i s t h a t t h e y h a v e t o f e e d f o r 
l o n g e r a n d , p o s s i b l y i n s u b - o p t i m a l a r e a s o f t h e r e f u s e t i p , 
i n o r d e r t o o b t a i n s u f f i c i e n t f o o d ( D a v i s 1 9 7 5 ; Monaghan 
1 9 8 0 ) . A n o t h e r i m p l i c a t i o n i s r e l a t e d t o t h e t i m i n g o f 
f x r s t b r e e d i n g . Most s e a b i r d s do n o t b r e e d u n t i l t h e y a r e 3 
y e a r s o l d a n d t h i s d e l a y i n b r e e d i n g h a s o f t e n b e e n l i n k e d 
t o t h e n e e d t o m a s t e r f o r a g i n g t e c h n i q u e s a n d t o l e a r n 
f o r a g i n g a r e a s ( L a c k 1 9 6 8 ) . A b r e e d i n g b i r d m u s t f e e d 
i t s e l f , i t s o f f s p r i n g a n d s o m e t i m e s , i t s m a t e . I n a d d i t i o n 
t h e t i m e a v a i l a b l e f o r f o r a g i n g i s d e c r e a s e d s i n c e t i m e i s 
a l s o r e q u i r e d f o r c o u r t s h i p , s i t e - r e t e n t i o n a n d o t h e r 
r e p r o d u c t i v e a c t i v i t i e s . T h e a g e o f f i r s t b r e e d i n g m u s t 
t h e r e f o r e b e c l o s e l y l i n k e d t o t h e a t t a i n m e n t o f a c e r t a i n 
t h r e s h o l d i n f e e d i n g e f f i c i e n c y . I n t h e h e r r i n g g u l l 
b r e e d i n g i s d e l a y e d u n t i l t h e f o u r t h o r f i f t h y e a r o f l i f e 
o r l a t e r a n d t h e f i r s t a t t e m p t a t b r e e d i n g i s o f t e n 
u n s u c c e s s f u l ( C h a b r z y k & C o u l s o n 1 9 7 6 ; C o u l s o n e t a l . 1 9 8 2 ) . 
Low s u c c e s s i n b i r d s b r e e d i n g f o r t h e f i r s t t i m e i s 
w i d e s p r e a d i n s e a b i r d s ( R y d e r 1 9 8 0 ) . T h i s s t u d y s u g g e s t s 
t h a t f o r a t l e a s t t h e f i r s t f o u r y e a r s o f l i f e , a n d p o s s i b l y 
f o r l o n g e r , t h e f e e d i n g e f f i c i e n c y o f a h e r r i n g g u l l 
i n c r e a s e s a s f o r a g i n g t e c h n i q u e s a r e l e a r n t a n d p e r f e c t e d . 
T h e d e l a y i n f i r s t b r e e d i n g i n t h e h e r r i n g g u l l may b e a 
c o n s e q u e n c e o f t h e l o n g p e r i o d o f e x p e r i e n c e r e q u i r e d b e f o r e 
f o r a g i n g s k i l l s a r e f u l l y m a s t e r e d . 
H e r r i n g g u l l s a r e g e n e r a l a n d o p p o r t u n i s t i c f e e d e r s 
a n d , a s s u c h , t h e y u s e a w i d e v a r i e t y o f f e e d i n g s i t e s , e a c h 
r e q u i r i n g d i f f e r e n t f o r a g i n g t e c h n i q u e s . W h e t h e r i m m a t u r e 
b i r d s a r e l e s s s k i l l f u l a t o t h e r f e e d i n g s i t e s , a n d i f s o , 
w h a t p e r i o d o f e x p e r i e n c e i s n e c e s s a r y b e f o r e t h e y a r e f u l l y 
e f f i c i e n t , r e m a i n t o b e i n v e s t i g a t e d . 
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3.2. I n t r o d u c t i o n 
W h a t e v e r t h e u l t i m a t e f a c t o r s i n v o l v e d i n t h e e v o l u t i o n 
o f s e x u a l d i m o r p h i s m , o n e c o n s e q u e n c e may b e some d e g r e e o f 
n i c h e s e p a r a t i o n . M o r p h o l o g i c a l d i f f e r e n c e s b e t w e e n m a l e s 
a n d f e m a l e s c a n a f f e c t t h e c o s t s a n d b e n e f i t s o f d i f f e r e n t 
f o r a g i n g s t r a t e g i e s a n d may r e s u l t i n t h e e s t a b l i s h m e n t o f 
d i f f e r e n c e s i n v a r i o u s a s p e c t s o f f o r a g i n g b e h a v i o u r . F o r 
e x a m p l e , m two s p e c i e s o f w o o d p e c k e r s , SELANDER ( 1 9 6 6 ) , 
r e l a t e d t h e d e g r e e o f s e x u a l d i m o r p h i s m i n b i l l s i z e a n d 
s h a p e t o t h e e x t e n t t o w h i c h t h e two s e x e s f o r a g e d 
d i f f e r e n t l y . SMITH & EVANS ( 1 9 7 3 ) s h o w e d t h a t i n B a r - t a i l e d 
G o d w i t s ( L i m o s a l a p p o m c a ) f e e d i n g on m u d f l a t s , f e m a l e s f e d 
b e y o n d t h e t i d e l m e m o r e t h a n m a l e s a n d w e r e a b l e t o u s e 
t h e i r l o n g e r b e a k s t o r e a c h d e e p e r p r e y . 
T h e d e g r e e o f s e x u a l d i m o r p h i s m i s v a r i a b l e f r o m 
s p e c i e s t o s p e c i e s . I n some c a s e s , o n e s e x may b e t w i c e t h e 
s i z e o f t h e o t h e r e . g . some m u s t e l i d s a n d some b i r d s o f p r e y 
( E R L I N G E , 1 9 7 9 ; NEWTON £ MARQUISS, 1 9 8 2 ) , w h e r e a s i n o t h e r s 
t h e d i f f e r e n c e s a r e o n l y s l i g h t . I n t h e h e r r i n g g u l l ( L a r u s 
a r g e n t a t u s ) , a d u l t m a l e s a r e o n a v e r a g e l a r g e r t h a n a d u l t 
f e m a l e s . A l t h o u g h t h e d e g r e e o f s e x u a l d i m o r p h i s m i s 
r e l a t i v e l y s m a l l , ( f e m a l e s b e i n g on a v e r a g e 8 3 % o f m a l e 
w e i g h t ) , t h e s e x e s c a n b e s e p a r a t e d on t h e b a s i s o f b o d y 
m e a s u r e m e n t s w i t h o n l y 5 % m i s i d e n t i f i c a t i o n (COULSON e_t a ^ . , 
1 9 8 3 c ) . H e r r i n g g u l l s f e e d i n m i x e d s e x f l o c k s a t a v a r i e t y 
o f f e e d i n g s i t e s . I n a s t u d y o f h e r r i n g g u l l s d u r i n g t h e 
f o u r week i n c u b a t i o n p e r i o d , S I B L Y & M c C L E E R Y ( 1 9 8 3 b ) f o u n d 
i n d i v i d u a l d i f f e r e n c e s i n f o o d p r e f e r e n c e s a n d i n f o r a g i n g 
e f f i c i e n c y a t d i f f e r e n t s i t e s . R e f u s e t i p s w e r e t h e o n l y 
s i t e w h e r e a d i f f e r e n c e m f e e d i n g e f f i c i e n c y b e t w e e n t h e 
s e x e s w a s d e m o n s t r a t e d , w i t h f e m a l e s b e i n g l e s s e f f i c i e n t 
t h a n m a l e s . T h e y s u g g e s t e d t h a t t h e c o m p e t i t i v e n a t u r e o f 
f e e d i n g a t a r e f u s e s i t e c o n t r i b u t e d t o t h e l o w e r e f f i c i e n c y 
o f f e m a l e s . I n a number o f s p e c i e s , s e x - r e l a t e d d i f f e r e n c e s 
m f e e d i n g b e h a v i o u r h a v e b e e n a t t r i b u t e d t o s u p e r i o r 
c o m p e t i t i v e a b i l i t y o f m a l e s ( e . g . C e r c o p i t h e c u s m o n k e y s ; 
GAUTIER-HION, 1 9 8 0 , HARRISON, 1 9 8 3 ; t h r e e - t o e d w o o d p e c k e r s , 
P i c o i d e s t r i d a c t y l u s , HOGSTAD, 1 9 7 6 ) . I n t h e s e c a s e s , 
s o c i a l d o m i n a n c e may c o n s t i t u t e a b e h a v i o u r a l m e a n s b y w h i c h 
i n t r a - s p e c i f i c c o m p e t i t i o n a n d c o s t l y i n t e r a c t i o n s a r e 
r e d u c e d , a l b e i t a t t h e e x p e n s e o f s u b o r d i n a t e i n d i v i d u a l s 
( i . e . f e m a l e s ) , who a r e f o r c e d t o f e e d l e s s e f f i c i e n t l y o r 
t o move t o a n o t h e r f e e d i n g s i t e . However, COULSON e t a l • 
( 1 9 8 3 c ) h a v e shown t h a t i n t h e w i n t e r m o n t h s ( O c t o b e r -
F e b r u a r y ) , t h e s e x r a t i o o f h e r r i n g g u l l s a t t i p s i s 
i n c r e a s i n g l y b i a s e d t o w a r d s f e m a l e s . T h i s f e m a l e b i a s e d s e x 
r a t i o s u g g e s t s t h a t f e m a l e s u s e t i p s more t h a n m a l e s d u r i n g 
t h e w i n t e r m o n t h s . 
T h e a i m s o f t h e p r e s e n t s t u d y w e r e ( i ) t o e x a m i n e t h e 
f o r a g i n g o p p o r t u n i t i e s p r e s e n t e d a t a r e f u s e s i t e ; ( n ) t o 
i n v e s t i g a t e t h e f o r a g i n g t e c h n i q u e s u s e d b y a d u l t m a l e a n d 
f e m a l e h e r r i n g g u l l s a t r e f u s e t i p s d u r i n g t h e w i n t e r 
m o n t h s ; ( l i i ) t o a s s e s s t h e i m p o r t a n c e o f s o c i a l d o m i n a n c e 
i n d e t e r m i n i n g t h e r e l a t i v e f o r a g i n g p e r f o r m a n c e s o f m a l e s 
a n d f e m a l e s . 
3.2 M e t h o d s 
( a ) U s e o f r e f u s e t i p s b y a d u l t m a l e a n d f e m a l e h e r r i n g 
g u l l s 
I n o r d e r t o c o m p a r e t h e u s e made o f r e f u s e t i p s b y a d u l t 
m a l e a n d f e m a l e h e r r i n g g u l l s , d i r e c t o b s e r v a t i o n s w e r e made 
a t Tow Law r e f u s e t i p , Co. Durham, b e t w e e n O c t o b e r 1 9 8 2 a n d 
F e b r u a r y 1 9 8 3 . T h i s t i p w a s c h o s e n f o r t h i s p a r t o f t h e 
s t u d y b e c a u s e m o s t o f t h e a r e a , i n c l u d i n g b o t h f e e d i n g a n d 
l o a f i n g s i t e s , c o u l d b e s c a n n e d f r o m a s i n g l e v a n t a g e p o i n t . 
D a t a w e r e r e c o r d e d f r o m i n d i v i d u a l l y c o l o u r - r i n g e d a d u l t s . 
T h e s e b i r d s h a d b e e n s e x e d b y t h e h e a d a n d b i l l l e n g t h 
(COULSON e t a l . , 1 9 8 3 c ) . A t o t a l o f 13 c o m p l e t e d a y l i g h t -
h o u r o b s e r v a t i o n s (85 h o u r s i n a l l ) w e r e made a t t h i s r e f u s e 
t i p . On e a c h d a y , t h e t i m e s o f a r r i v a l a n d d e p a r t u r e o f 
i n d i v i d u a l l y m a r k e d a d u l t h e r r i n g g u l l s w e r e r e c o r d e d u s i n g 
s e a r c h e s a t 15 m i n i n t e r v a l s . F e e d i n g b o u t s a t t h e r e f u s e 
t i p w e r e d i v i d e d in-£o t h r e e t y p e s . 
1. U n d i s t u r b e d p r i m a r y f e e d i n g : T h i s i n v o l v e d u n d i s t u r b e d 
f e e d i n g on f r e s h l y dumped r u b b i s h w h i c h h a d n o t b e e n c o v e r e d 
w i t h e a r t h . T h e m a m o p p o r t u n i t y f o r t h i s t y p e o f f e e d i n g 
was a t l u n c h t i m e ( 1 2 0 0 - 1 2 3 0 B 3 T ) when b u l l d o z i n g s t o p p e d a n d 
i t was c h a r a c t e r i s e d b y a h i g h d e n s i t y o f b i r d s . 
2. D i s t u r b e d p r i m a r y f e e d i n g : T h i s i n v o l v e d f e e d i n g w h i l s t 
a b u l l d o z e r w a s w o r k i n g . I t a l s o i n v o l v e d a h i g h d e n s i t y o f 
b i r d s a n d was c h a o t i c , w i t h e a c h h e r r i n g g u l l s e t t l i n g on 
t h e g r o u n d f o r l e s s t h a n 1 0 s a t a t i m e . 
3. S e c o n d a r y f e e d i n g : T h i s i n v o l v e d f e e d i n g o n r u b b i s h 
w h i c h h a d b e e n c o v e r e d w i t h e a r t h . T h e g u l l s w e r e a t l o w 
d e n s i t y a n d f e e d i n g o f t h i s t y p e o c c u r r e d a t t h e b e g i n n i n g 
a n d a t t h e e n d o f t h e d a y . 
T h e number a n d t y p e s o f f e e d i n g b o u t s , i n w h i c h i n d i v i d u a l l y 
m a r k e d g u l l s p a r t i c i p a t e d , w e r e r e c o r d e d b y d i r e c t 
o b s e r v a t i o n . T h e s e d a t a , a n d i n f o r m a t i o n o n a r r i v a l a n d 
d e p a r t u r e t i m e s , w e r e c o l l e c t e d on a t o t a l o f 74 m a r k e d 
a d u l t m a l e h e r r i n g g u l l s a n d B5 m a r k e d a d u l t f e m a l e h e r r i n g 
g u l l s . 
( b ) F o r a g i n g b e h a v i o u r o f a d u l t m a l e a n d f e m a l e h e r r i n g 
g u l l s 
I n o r d e r t o e x a m i n e f o r a g i n g m e t h o d s a n d t o c o m p a r e f o r a g i n g 
e f f i c i e n c y b e t w e e n t h e s e x e s , c o l o u r v i d e o r e c o r d i n g s w e r e 
made o f s e x e d a n d c o l o u r - r i n g e d h e r r i n g g u l l s , f e e d i n g a t 
f i v e r e f u s e s i t e s , n a m e l y C o x h o e , W i n g a t e , H e t t H i l l s , 
C o n s e t t a n d Tow Law, Co. Durham. T h e s e r e c o r d i n g s w e r e made 
b e t w e e n O c t o b e r 1981 a n d F e b r u a r y 1 982 a n d O c t o b e r 1 9 8 2 a n d 
F e b r u a r y 1 9 8 3 . T h e r e c o r d i n g s w e r e a l m o s t e n t i r e l y c o n f i n e d 
t o u n d i s t u r b e d p r i m a r y f e e d i n g . I t w a s d i f f i c u l t t o o b t a i n 
d e t a i l e d f e e d i n g b e h a v i o u r on s e x e d i n d i v i d u a l s d u r i n g 
d i s t u r b e d p r i m a r y f e e d i n g , s i n c e , m t h e g e n e r a l s c r a m b l e , 
i t was n o t p o s s i b l e b o t h t o r e a d t h e c o l o u r c o m b i n a t i o n a n d 
t h e n t o f o l l o w a n i n d i v i d u a l , r e c o r d i n g i t s f e e d i n g 
a c t i v i t y , f o r more t h a n a f e w s e c o n d s . S e c o n d a r y f e e d i n g 
i n v o l v e d o n l y s m a l l n u m b e r s o f h e r r i n g g u l l s a n d l i t t l e d a t a 
on t h e f e e d i n g b e h a v i o u r o f s e x e d i n d i v i d u a l s w a s c o l l e c t e d 
d u r i n g s u c h f e e d i n g . 
D u r i n g u n d i s t u r b e d p r i m a r y f e e d i n g , t h e g u l l s w e r e a t a 
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d e n s i t y o f 5-10 b i r d s p e r m a n d e a c h s e l e c t e d i n d i v i d u a l 
moved o u t o f v i e w w i t h i n , on a v e r a g e , 75 s e c o n d s . T h e r e f o r e 
a n o b s e r v a t i o n u n i t o f 15 s e c o n d s was u s e d i n t h e a n a l y s i s 
o f v i d e o r e c o r d i n g s , a n d t h e f o l l o w i n g d a t a w e r e c o l l e c t e d 
f o r e a c h i n d i v i d u a l l y m a r k e d b i r d , i n e a c h u n i t : ( a ) number 
o f p e c k s ; ( b ) number o f f o o d i t e m s s w a l l o w e d ; ( c ) number o f 
p a c e s r a n k e d m one o f f o u r c a t e g o r i e s : 0: n o n e ; 1: one t o 
f o u r ; 2 : 5 - 1 0 ; 3 : o v e r 10; ( d ) number a n d n a t u r e o f e n c o u n t e r s 
w i t h o t h e r b i r d s . A t o t a l o f 6 5 0 m i n u t e s o f f e e d i n g 
a c t i v i t y was f i l m e d on 4 2 d a y s a n d f e e d i n g b e h a v i o u r d a t a 
w e r e r e c o r d e d f r o m 5 2 a d u l t m a l e h e r r i n g g u l l s a n d 67 a d u l t 
f e m a l e h e r r i n g g u l l s f o r a t o t a l o f 8 0 3 1 5 - s o b s e r v a t i o n 
u n i t s . T h e s e d a t a w e r e a l s o c o l l e c t e d o n a s m a l l e r r andom 
s a m p l e o f u n s e x e d a d u l t h e r r i n g g u l l s , d u r i n g b o t h d i s t u r b e d 
p r i m a r y f e e d i n g a n d s e c o n d a r y f e e d i n g , s o t h a t f e e d i n g a n d 
e n c o u n t e r r a t e s i n d i f f e r e n t f e e d i n g s i t u a t i o n s c o u l d b e 
c o m p a r e d . 
( c ) s t a t i s t i c a l m e t h p d s 
B e h a v i o u r a l d a t a w e r e a n a l y s e d u s i n g p a r a m e t r i c r a t h e r t h a n 
n o n - p a r a m e t r i c s t a t i s t i c s b e c a u s e o f t h e n e e d t o t a k e 
a c c o u n t o f i n d i v i d u a l v a r i a t i o n ; t h e d a t a w e r e t r a n s f o r m e d 
w h e r e a p p r o p r i a t e . A n a l y s i s o f v a r i a n c e w a s u s e d t o t e s t 
t h e s i g n i f i c a n c e o f d i f f e r e n c e s b e t w e e n i n d i v i d u a l s w i t h i n 
e a c h s e x . Where t h e r e w a s no s i g n i f i c a n t i n d i v i d u a l 
v a r i a t i o n , a l l o b s e r v a t i o n s w e r e p o o l e d . Where t h e r e w a s 
s i g n i f i c a n t v a r i a t i o n b e t w e e n i n d i v i d u a l s , t h e a s s u m p t i o n o f 
i n d e p e n d e n c e b e t w e e n o b s e r v a t i o n s w a s i n v a l i d . T h e p r o b l e m 
w a s o v e r c o m e by u s e o f t h e ra n d o m e f f e c t s m o d e l o f a n a l y s i s 
o f v a r i a n c e (SNEDECOR & COCHRAN, 1 9 6 7 ) . T h e e s t i m a t e d 
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v a r i a n c e o f t h e s a m p l e mean, jS , w as m o d i f i e d f o r t h e c a s e 
o f u n e q u a l s a m p l e s i z e s a c c o r d i n g t o t h e f o r m u l a ; 
a 
E m 2 3A 2) 
S' = i <3« + 1=1 
N 
A 2 A 2 w h e r e i s t h e e s t i m a t e o f t h e c o m p o n e n t o f v a r i a n c e , a_ 
i s t h e e s t i m a t e o f t h e r a n d o m e r r o r a t t a c h e d t o e a c h 
o b s e r v a t i o n , N i s t h e t o t a l number o f o b s e r v a t i o n s , i s 
t h e number o f o b s e r v a t i o n s o f an i n d i v i d u a l a n d _a i s t h e 
number o f i n d i v i d u a l s ( D r . P. G r e e n , p e r s . comm.). I n t h i s 
way, t h e v a r i a n c e o f t h e s a m p l e mean was a d j u s t e d t o a l l o w 
f o r i n d i v i d u a l v a r i a t i o n . B o t h s w a l l o w i n g a f o o d i t e m 
a n d h a v i n g an e n c o u n t e r w i t h a n o t h e r i n d i v i d u a l w e r e r a r e 
e v e n t s , s c o r i n g a h i g h p r o p o r t i o n o f z e r o s i n e a c h 
o b s e r v a t i o n p e r i o d . A s q u a r e r o o t t r a n s f o r m a t i o n t o JX+l 
was u s e d t o s t a b i l i z e t h e v a r i a n c e (SNEDECOR £ COCHRAN 
1 9 6 7 ) . S t a t i s t i c a l t e s t s w e r e t h e n p e r f o r m e d on t h e 
t r a n s f o r m e d d a t a . Means a n d 9 5 % c o n f i d e n c e l i m i t s i n t h e 
s q u a r e r o o t s c a l e w e r e t h e n r e c o n v e r t e d t o t h e o r i g i n a l 
s c a l e by s q u a r i n g a n d s u b t r a c t i n g o n e . 
(d) S e x u a l d i m o r p h i s m m h e r r i n g g u l l s 
On a v e r a g e , t h e a d u l t m a l e h e r r i n g g u l l i s 2 0 % h e a v i e r , h a s 
a 1 0 % l o n g e r a n d d e e p e r b i l l a n d a 5 % l o n g e r w i n g t h a n t h e 
f e m a l e ( b a s e d on s a m p l e s o f 261 m a l e s a n d 2 1 9 f e m a l e s ) . 
A l t h o u g h s e a s o n a l w e i g h t c h a n g e s a r e known t o o c c u r , COULSON 
e t a l . ( 1 9 8 3 a ) f o u n d t h a t t h e p a t t e r n a n d p r o p o r t i o n o f 
w e i g h t c h a n g e was t h e same i n b o t h s e x e s , w i t h m a l e a n d 
f e m a l e w e i g h t r e a c h i n g a p e a k m m i d - w i n t e r . H e a d a n d b i l l 
l e n g t h r e m a i n e d c o n s t a n t f r o m f l e d g i n g , b u t b i l l d e p t h 
c o n t i n u e d t o grow t h r o u g h o u t t h e l i f e o f t h e b i r d . (COULSON 
e t a l . 1 9 8 1 ) . W h i l s t b i l l d e p t h a l o n e c a n n o t b e u s e d t o 
a c c u r a t e l y a g e i n d i v i d u a l s , c o m p a r i s o n o f t h e mean b i l l 
d e p t h , b e t w e e n g r o u p s o f h e r r i n g g u l l s o f t h e same s e x , 
g i v e s a m e a s u r e o f d i f f e r e n c e s i n t h e mean a g e b e t w e e n 
g r o u p s . I n t h i s s t u d y , c o m p a r i s o n s o f t h e mean b i l l d e p t h 
o f t h e c o l o u r - r i n g e d m a l e a n d f e m a l e h e r r i n g g u l l s p r e s e n t 
a t t h e t i p h a v e b e e n u s e d t o i n d i c a t e c h a n g e s i n t h e a g e 
c o m p o s i t i o n . 
3.3 R e s u l t s 
3.3.1 U s e o f r e f u s e t i p s b y a d u l t m a l e a n d f e m a l e h e r r i n g g u l l s . 
A t Tow Law r e f u s e t i p , no s i g n i f i c a n t d i f f e r e n c e s w e r e f o u n d 
i n t h e a v e r a g e t i m e o f a r r i v a l , d e p a r t u r e o r l e n g t h o f s t a y 
e a c h d a y b e t w e e n m a l e a n d f e m a l e h e r r i n g g u l l s . T h e l e n g t h 
o f s t a y a t t h e t i p v a r i e d f r o m 15 m i n s t o 345 m i n s , w i t h a 
mean o f 110 m i n s . T h i s i s a minimum v a l u e s i n c e i t i s b a s e d 
o n t h e f i r s t a n d l a s t s i g h t i n g o f e a c h m a r k e d i n d i v i d u a l on 
t h e t i p a r e a . F o r much of- t h e d a y , l a r g e n u m b e r s o f g u l l s 
w e r e p r e s e n t e i t h e r l o a f i n g o r s e a r c h i n g f o r worms i n f i e l d s 
c l o s e t o t h e t i p , a n d i t i s l i k e l y t h a t t h e m a j o r i t y o f 
h e r r i n g g u l l s w e r e e i t h e r on t h e t i p o r n e a r b y f o r much o f 
t h e d a y l i g h t p e r i o d . 
A l t h o u g h a r e f u s e t i p m i g h t a p p e a r t o c o n s t i t u t e a 
s o u r c e o f r e a d i l y a v a i l a b l e , s u p e r a b u n d a n t f o o d , t h i s w a s 
n o t t h e c a s e . F o r much o f t h e d a y , t h e g u l l s w e r e i n h i b i t e d 
f r o m f e e d i n g b y t h e h i g h l e v e l o f d i s t u r b a n c e c r e a t e d b y 
b o t h v e h i c l e s a n d p e o p l e m o v i n g a r o u n d on t h e t i p . T h i s w a s 
r e f l e c t e d i n t h e t i m e g u l l s s p e n t f e e d i n g a t t h e t i p ( F i g . 
3.1). F o r m a l e s a n d f e m a l e s , t h e mean n e v e r e x c e e d e d 55 
m m s p e r d a y a n d h a d a mean v a l u e o f 30 m i n s , a l t h o u g h t h e 
w o r k i n g d a y a t t h e t i p l a s t e d b e t w e e n 7 a n d 8 d a y l i g h t 
h o u r s . T h e r e w e r e no c o n s i s t e n t d i f f e r e n c e s b e t w e e n m a l e s 
a n d f e m a l e s i n t h e t i m e s p e n t f e e d i n g e a c h d a y . B o t h s e x e s 
s h o w e d a t r e n d o f i n c r e a s i n g f e e d i n g t i m e a s t h e s e a s o n 
p r o g r e s s e d , a l t h o u g h t h i s was s i g n i f i c a n t o n l y f o r m a l e s 
( F i g . 3.1). T h e mean b i l l d e p t h o f m a r k e d m a l e s t e n d e d t o 
d e c r e a s e s e a s o n a l l y , w i t h no c o r r e s p o n d i n g t r e n d i n h e a d a n d 
b i l l l e n g t h ( F i g . 3.2). T h i s s u g g e s t s t h a t t h e m a l e h e r r i n g 
g u l l s p r e s e n t m J a n u a r y a n d F e b r u a r y w e r e , o n a v e r a g e , 
y o u n g e r t h a n t h o s e p r e s e n t i n O c t o b e r a n d November. T h e r e 
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g. 3.2 B i o m e t r i c s o f male a d u l t h e r r i n g g u l l s p r e s e n t a t Tow Law r e f u s e 
t i p t h r o u g h o u t the w i n t e r , 
(means ± 1 SE) 
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w e r e no s i m i l a r s e a s o n a l t r e n d s i n f e m a l e s . 
3.3.2 T y p e o f f e e d i n g 
T a b l e 3.1 s u m m a r i s e s t h e m a i n c h a r a c t e r i s t i c s o f t h e t h r e e 
t y p e s o f f e e d i n g r e c o r d e d a t Tow Law r e f u s e t i p . On 
a v e r a g e , p r i m a r y f e e d i n g , b o t h d i s t u r b e d a n d u n d i s t u r b e d , 
i n v o l v e d f o u r t i m e s m ore h e r r i n g g u l l s ( a n d n i n e t i m e s m o r e 
a d u l t h e r r i n g g u l l s ) t h a n s e c o n d a r y f e e d i n g ( T a b l e 3.1). B o t h 
t y p e s o f p r i m a r y f e e d i n g w e r e c o m p a r a b l e i n t e r m s o f 
s w a l l o w i n g r a t e , w h i l s t s e c o n d a r y f e e d i n g o f f e r e d a 
s i g n i f i c a n t l y l o w e r f o o d r e t u r n . T h e e n c o u n t e r r a t e , w h i c h 
g i v e s a m e a s u r e o f t h e l e v e l o f c o m p e t i t i v e i n t e r a c t i o n s 
b e t w e e n b i r d s , w a s c o n s i d e r a b l y h i g h e r i n u n d i s t u r b e d 
p r i m a r y f e e d i n g t h a n i n d i s t u r b e d p r i m a r y o r s e c o n d a r y 
f e e d i n g ( T a b l e 3 . 1 ) . D u r i n g d i s t u r b e d f e e d i n g , t h e b i r d s d i d 
n o t s e t t l e on t h e g r o u n d f o r l o n g e n o u g h t o i n t e r a c t w i t h 
e a c h o t h e r a n d d u r i n g s e c o n d a r y f e e d i n g , t h e d e n s i t y o f 
f e e d i n g b i r d s w a s s o l o w t h a t i n t e r a c t i o n s w e r e v e r y 
i n f r e q u e n t . U n d i s t u r b e d p r i m a r y f e e d i n g w a s t h e r e f o r e 
h i g h l y c o m p e t i t i v e , t h e h e r r i n g g u l l s b o t h a t t a c k i n g f o r , 
a n d d e f e n d i n g , g o o d f e e d i n g p a t c h e s . 
T h e e x t e n t t o w h i c h a d u l t m a l e a n d f e m a l e h e r r i n g g u l l s 
u s e d t h e i r f e e d i n g o p p o r t u n i t i e s d i f f e r e n t l y i s s h o w n i n 
T a b l e 3.2. O v e r a l l , p r o p o r t i o n a l l y m o r e m a l e s t h a n f e m a l e s 
p a r t i c i p a t e d i n u n d i s t u r b e d p r i m a r y f e e d i n g , w h i l s t 
p r o p o r t i o n a l l y more f e m a l e s t h a n m a l e s p a r t i c i p a t e d i n 
d i s t u r b e d p r i m a r y f e e d i n g . T h e d i f f e r e n c e b e t w e e n m a l e s a n d 
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f e m a l e s , f o r b o t h t y p e s o f p r i m a r y f e e d i n g , w e r e m o s t m a r k e d 
i n t h e f i r s t h a l f o f t h e w i n t e r p e r i o d , ( i . e . O c t o b e r - m i d 
D e c e m b e r ) , t h e r e b e i n g no s i g n i f i c a n t d i f f e r e n c e s b e t w e e n 
t h e s e x e s i n t h e l a t t e r h a l f o f t h e w i n t e r ( T a b l e 3.2) . B o t h 
s e x e s s h o w e d a s e a s o n a l i n c r e a s e i n t h e p r o p o r t i o n o f b i r d s 
p a r t i c i p a t i n g m u n d i s t u r b e d p r i m a r y f e e d i n g , t h e t r e n d 
b e i n g m o s t m a r k e d i n f e m a l e s ( x 2 t e s t f o r l i n e a r t r e n d i n 
p r o p o r t i o n s : f e m a l e s ; X2 - 1 9 . 3 1 , p < 0 . 0 0 1 : m a l e s , x } -
7.49, p < 0 . 0 1 ) . S i n c e b o t h t y p e s o f p r i m a r y f e e d i n g w e r e 
c o m p a r a b l e i n t e r m s o f s w a l l o w i n g r a t e , i t i s a p p r o p r i a t e t o 
c o n s i d e r why a d u l t f e m a l e h e r r i n g g u l l s a p p e a r t o b e e i t h e r 
s e l e c t i n g d i s t u r b e d f e e d i n g o r a v o i d i n g u n d i s t u r b e d f e e d i n g . 
T h e e x t e n t o f d i s t u r b e d f e e d i n g b y f e m a l e s i s p r o b a b l y 
a r e s u l t o f t h e i r b e i n g c o m p e t i t i v e l y e x c l u d e d f r o m 
u n d i s t u r b e d f e e d i n g b y m a l e s ( s e e b e l o w ) . 
However a f a c t o r w h i c h i s i m p o r t a n t i n d e t e r m i n i n g t h e 
e f f i c i e n c y o f d i s t u r b e d f e e d i n g i s m a n o e u v r a b i l i t y . Much o f 
t h e m a t e r i a l dumped a t r e f u s e t i p s i s i n e d i b l e . A s t h e 
b u l l d o z e r moves b a c k w a r d s a n d f o r w a r d s p u s h i n g t h e r e f u s e 
i n t o a p i l e , f o o d i t e m s a r e t e m p o r a r i l y e x p o s e d . T h e s k i l l 
r e q u i r e d i s t o move m q u i c k l y a n d s n a t c h t h e i t e m up 
w i t h o u t b e i n g r u n o v e r . F e m a l e s h a v e a w i n g l o a d i n g w h i c h 
i s a b o u t 1 0 % l e s s t h a n t h a t o f m a l e s a n d t h i s i n d i c a t e s 
g r e a t e r m a n o e u v r a b i l i t y , e s p e c i a l l y a t l o w s p e e d s . F e m a l e s 
a r e t h e r e f o r e a t a n a d v a n t a g e o v e r m a l e s when f e e d i n g b e h i n d 
t h e a c t i v e b u l l d o z e r a n d t h i s c o u l d r e l a t e t o t h e p r e f e r e n c e 
w h i c h f e m a l e s s h o w e d f o r t h i s t y p e o f f e e d i n g . 
32 
3.3.3 F e e d i n g b e h a v i o u r d u r i n g u n d i s t u r b e d p r i m a r y f e e d i n g 
P e c k r a t e 
F e m a l e s h a d a 2 5 % g r e a t e r p e c k r a t e t h a n m a l e s , m a k i n g on 
a v e r a g e 20 p e c k s / m i n c o m p a r e d w i t h 16 p e c k s / m i n o f m a l e s 
( T a b l e 3.3). 
W a l k i n g r a t e 
F e m a l e s h a d a 3 3 % g r e a t e r w a l k i n g r a t e t h a n m a l e s t a k i n g o n 
a v e r a g e 32 p a c e s / m m c o m p a r e d w i t h 24 p a c e s / m i n o f m a l e s 
( T a b l e 3.4). 
S w a l l o w i n g r a t e 
T h e r e was no o v e r a l l d i f f e r e n c e m t h e r a t e a t w h i c h m a l e s 
a n d f e m a l e s o b t a i n e d f o o d i t e m s ( T a b l e 3.3). However, m 
t e r m s o f t h e number o f p e c k s a n d p a c e s t a k e n p e r f o o d i t e m 
s w a l l o w e d , f e m a l e s h a d a more e n e r g e t i c f o r a g i n g method, 
t a k i n g 32 p e c k s a n d 4 2 p a c e s p e r f o o d i t e m s w a l l o w e d 
c o m p a r e d w i t h t h e 23 p e c k s a n d 33 p a c e s o f m a l e s . 
E n c o u n t e r s 
M a l e s w e r e more a g g r e s s i v e t h a n f e m a l e s , m a k i n g on a v e r a g e 
t w i c e a s many a t t a c k s p e r u n i t t i m e ( T a b l e 3.3).However t h e r e 
was no d i f f e r e n c e i n t h e r a t e s a t w h i c h t h e y a t t a c k e d 
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Table 3.4 Walking r a t e s of male and female a d u l t h e r r i n g g u l l s . 
Number of paces/15s 
Sex 0 1-4 5-10 > 10 T o t a l 
Male No. 4 171 162 77 414 
% 1 41 39 19 
Female No. 0 122 157 110 389 
% 0 32 40 28 
Combining the zero and 1-4 paces/15s c a t e g o r i e s , the d i s t r i b u t i o n s f o r the 
two sexes are s i g n i f i c a n t l y d i f f e r e n t (x* = 14.59, p < 0.001). 
i m m a t u r e s a n d t h e d i f f e r e n c e i n a t t a c k r a t e s w a s e n t i r e l y 
a c c o u n t e d f o r b y t h e d i f f e r e n c e i n t h e r a t e a t w h i c h t h e two 
s e x e s a t t a c k e d o t h e r a d u l t s . C o m p a r i s o n o f t h e r e l a t i v e 
p r o p o r t i o n s o f a t t a c k s a g a i n s t d i f f e r e n t a g e c l a s s e s w i t h 
t h e a v e r a g e a g e s t r u c t u r e o f 7 3 % a d u l t s o b s e r v e d d u r i n g 
c o m p e t i t i v e f e e d i n g ( T a b l e 3.1) i n d i c a t e s a r a n d o m 
d i s t r i b u t i o n o f m a l e a t t a c k s w i t h r e s p e c t t o t h e a g e o f t h e 
a t t a c k e d b i r d . However f e m a l e s a t t a c k e d l e s s a d u l t s a n d 
c o r r e s p o n d i n g l y more i m m a t u r e s t h a n w o u l d be e x p e c t e d o n t h e 
b a s i s o f a random a t t a c k d i s t r i b u t i o n . When s u c c e s s i n 
a t t a c k was d e f i n e d e i t h e r i n t e r m s o f d i s p l a c i n g t h e 
o p p o n e n t o r i n t e r m s o f o b t a i n i n g a f o o d i t e m a s a r e s u l t o f 
a n a t t a c k , no s i g n i f i c a n t d i f f e r e n c e s b e t w e e n t h e s e x e s i n 
s u c c e s s r a t e w e r e f o u n d . H owever, a d u l t m a l e s o b t a i n e d 
t h r e e t i m e s more o f t h e i r f o o d b y a t t a c k i n g a n d d i s p l a c i n g 
o t h e r h e r r i n g g u l l s t h a n d i d f e m a l e s ( T a b l e 3.3) . I n a 
m i n o r i t y o f c a s e s , t h i s k l e p t o - p a r a s i t i s m i n v o l v e d s n a t c h i n g 
a f o o d i t e m f r o m t h e b e a k o f a n o t h e r g u l l . More f r e q u e n t l y , 
t h e a t t a c k i n g b i r d d i s p l a c e d a n o t h e r f r o m i t s f e e d i n g p a t c h 
a n d t h e n b e g a n t o f e e d t h e r e i t s e l f ; t h u s i t w a s more o f t e n 
t h e t h e f t o f a g ood f e e d i n g p a t c h w h i c h w a s i n v o l v e d , r a t h e r 
t h a n t h e t h e f t o f a f o o d i t e m . I n t h e s a m p l e o f d a t a 
c o l l e c t e d , a d u l t f e m a l e s w e r e n o t a t t a c k e d s i g n i f i c a n t l y 
more f r e q u e n t l y t h a n a d u l t m a l e s . 
To s u m m a r i s e , f e m a l e s h a d a n a c t i v e i n d e p e n d e n t 
f o r a g i n g s t r a t e g y w i t h a h i g h p e c k r a t e , h i g h w a l k i n g r a t e 
a n d l o w a t t a c k r a t e . M a l e s , i n c o n t r a s t , o b t a i n e d a g r e a t e r 
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p r o p o r t i o n o f t h e i r f o o d by a t t a c k i n g a n d r o b b i n g o t h e r 
g u l l s a n d t h i s w a s r e f l e c t e d i n l e s s i n d e p e n d e n t f o r a g i n g 
( i . e . l o w e r p e c k i n g a n d w a l k i n g r a t e s ) a n d a h i g h e r 
a t t a c k i n g r a t e . 
F e e d i n g p o s i t i o n 
I n some c a s e s , a c l e a r e d g e a n d c e n t r e c o u l d b e 
d i s t i n g u i s h e d i n t h e p i l e o f r e f u s e . I n t h e e d g e a r e a t h e 
r e f u s e w a s more d i s p e r s e d a n d o f t e n p a r t i a l l y c o v e r e d w i t h 
e a r t h . E d g e f e e d i n g i n t h i s c a s e w a s , t h e r e f o r e , s i m i l a r t o 
s e c o n d a r y f o r a g i n g . Where t h e s e z o n e s c o u l d b e d i s t i n g -
u i s h e d , t h e s e x e s o f c o l o u r - m a r k e d a d u l t h e r r i n g g u l l s 
f e e d i n g i n e a c h z o n e w e r e r e c o r d e d . I n t h e c e n t r e , 5 8 % o f 
h e r r i n g g u l l s w e r e m a l e s c o m p a r e d w i t h 3 5 % a t t h e e d g e 
( T a b l e 3.5). 
3.3.4 C h a n g e s i n f e e d i n g b e h a v i o u r t h r o u g h o u t t h e f e e d i n g b o u t 
I n a s a m p l e o f 65 u n d i s t u r b e d p r i m a r y f e e d i n g b o u t s , 6 0 % 
l a s t e d o v e r 10 m i n u t e s a n d 3 2 % c o n t i n u e d f o r o v e r 20 
m i n u t e s . F e e d i n g b o u t s w e r e e i t h e r t e r m i n a t e d b y some k i n d 
o f d i s t u r b a n c e , e . g . a p e r s o n o r a dog on t h e t i p , a v e h i c l e 
o r a l o u d n o i s e , o r , on o c c a s i o n s , s i m p l y b y t h e b i r d s 
l e a v i n g f o r no o b v i o u s r e a s o n . As t h e f e e d i n g b o u t 
p r o g r e s s e d , t h e p r o p o r t i o n o f m a l e s i n t h e s a m p l e o f c o l o u r -
m a r k e d a d u l t s p r e s e n t i n c r e a s e d s i g n i f i c a n t l y f r o m 3 7 % t o 
5 2 % (xf = 4 .42, p < 0 . 0 5 ) . T h a t t h i s c h a n g e i n s e x r a t i o was 
t h e r e s u l t o f a n e t l o s s o f f e m a l e s , a n d n o t a n e t g a i n o f 
Table 3.5 Number of s i g h t i n g s of i n d i v i d u a l l y c o l o u r - r i n g e d male and 
female a d u l t h e r r i n g g u l l s feeding i n the c e n t r e and edge 
a r e a s of the r e f u s e p i l e . 
Sex 
Feeding p o s i t i o n 
Male Female T o t a l 
Edge No. 28 51 79 
% 35 65 
Centre No. 22 16 38 
% 58 42 
Xi = 4.41, p < 0.05 
m a l e s , i s s u g g e s t e d b y t h e f a c t t h a t t h e t o t a l number o f 
h e r r i n g g u l l s p r e s e n t t e n d e d t o d e c r e a s e a s t h e f e e d i n g b o u t 
p r o g r e s s e d . T h e r e w a s a l s o a t r e n d o f i n c r e a s i n g mean b i l l 
d e p t h m m a l e s a s t h e f e e d i n g b o u t p r o g r e s s e d , ( w i t h no 
c o r r e s p o n d i n g c h a n g e i n mean h e a d a n d b i l l l e n g t h ) , 
s u g g e s t i n g t h a t o l d e r m a l e s w e r e c o m i n g i n l a t e r a n d / o r 
y o u n g e r m a l e s w e r e l e a v i n g e a r l i e r ( F i g . 3 . 3 ) . A l t h o u g h t h e r e 
w a s no o v e r a l l d i f f e r e n c e b e t w e e n t h e s e x e s i n t h e r a t e a t 
w h i c h a d u l t s o b t a i n e d f o o d i t e m s , t h e r e w e r e d i f f e r e n c e s 
t h r o u g h o u t t h e f e e d i n g b o u t . I n t h e f i r s t t e n m i n u t e s f r o m 
t h e s t a r t o f t h e f e e d i n g , t h e s w a l l o w i n g r a t e s o f a d u l t 
m a l e s a n d f e m a l e s w e r e s i m i l a r . A f t e r t h i s t i m e , t h e 
s w a l l o w i n g r a t e o f f e m a l e s d e c l i n e d s i g n i f i c a n t l y w h i l s t 
t h a t o f m a l e s s t a y e d c o n s t a n t , o r e v e n i n c r e a s e d ( F i g . 3 . 4 ) . 
I n v o l v e m e n t o f m a l e s i n a g g r e s s i v e e n c o u n t e r s w a s h i g h e r 
a f t e r t h e f i r s t t e n m i n u t e s o f f e e d i n g , b o t h i n t e r m s o f 
r a t e o f a t t a c k i n g ( F i g . 3 . 5 ) a n d r a t e o f b e i n g a t t a c k e d ( F i g . 
3,6). T h e r e w a s no c o r r e s p o n d i n g p a t t e r n o r t r e n d i n t h e 
e n c o u n t e r r a t e s o f f e m a l e s ( F i g s . 3 . 5 & 3.6). To s u m m a r i s e , a s 
t h e f e e d i n g b o u t p r o g r e s s e d , t h e p e r c e n t a g e o f m a l e s 
i n c r e a s e d ; t h e d a t a on b i l l d e p t h s u g g e s t s t h a t t h e m a l e s 
p r e s e n t i n t h e l a t e r s t a g e s w e r e , o n a v e r a g e , o l d e r a n d 
t h e r e f o r e more e x p e r i e n c e d f o r a g e r s . A t t h e same t i m e , 
t h e r e was a n i n c r e a s e d r a t e o f a g g r e s s i o n . T h e c h a n g e i n 
s e x r a t i o a l s o i n d i c a t e s t h a t some f e m a l e s w e r e r e s p o n d i n g 
t o t h e i n c r e a s e d l e v e l s o f a g g r e s s i o n b y l e a v i n g t h e f e e d i n g 
a r e a . 
1 9 . 8 -
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1 9 .2 
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F i g . 3.3 Biometrics of adult male h e r r i n g g u l l s present a t 5 minute i n t e r v a l s 
throughout an undisturbed primary feeding bout, 
(means ± 1 SE) 
D i f f e r e n c e bei-wprn h i < m i e i r j c t . in t ' i r . i 1 m i i n i U ' - i i i i • « i < < • • ' 
' t ' t e s t t . ) . a) B i l l depth, t - 2 . i y , P < U.Ub, b) Head d u L.ilL 
length, t = 0.85, N.S. 
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i g . 3.4 Swallowing r a t e s of male and female a d u l t h e r r i n g g u l l s throughout 
an undisturbed primary feeding bout (bars are 95% confidence l i m i t s ) . 
D i f f e r e n c e between males and females (Student's ' t ' t e s t s on 
transformed d a t a ) : 
0-10 mms t = 0.93, N.S. 
>10 mins t = 4.06, p < 0.001 
Di f f e r e n c e between f i r s t ten minutes and l a t e r : 
males t = 1.80, N.S. 
females t = 2.78, p < 0.01 
Attacks/15s 
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F i g . 3.5 A t t a c k i n g r a t e s of male and female a d u l t h e r r i n g g u l l s throughout 
an undisturbed primary feeding bout (bars are 95% confidence l i m i t s ) . 
D i f f e r e n c e between males and females (Student's ' t ' t e s t s on transformed 
d a t a ) : Q _ 1 0 t = Q 1 7 > n . S . 
>10 mins t = 3.67, p < 0.001 
D i f f e r e n c e between f i r s t ten minutes and l a t e r -
males 
females 
t = 1.85, N.S. 
t = 2.14, p < 0.05 
Attacks/ 15s 
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F i g . 3.6 Rate of being attacked f o r male and female a d u l t h e r r i n g g u l l s 
throughout an undisturbed primary feeding bout (bars are 95% c o n f i d e n c e 
l i m i t s ) . 
D i f f e r e n c e between males and females (Student's ' t ' t e s t s on t r a n s f o r m e d 
d a t a ) : 
0-10 mins t = 1.87, N.S. 
>10 mins t = 1.46, N.S. 
D i f f e r e n c e between f i r s t ten minutes and l a t e r : 
males t = 2.88, p < 0.01 
females t = 0.23, N.S. 
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3.4 D i s c u s s i o n 
A r e f u s e t i p p r o v i d e s a v a r i e t y o f f e e d i n g o p p o r t u n i t i e s 
t h r o u g h o u t t h e d a y . A h e r r i n g g u l l c a n , w i t h i n l i m i t s , 
c h o o s e when t o f e e d a n d , i n t h i s way, may a t t e m p t t o f o r a g e 
o p t i m a l l y , i . e . w i t h minimum c o s t s a n d maximum b e n e f i t s . As 
t h e w i n t e r p r o g r e s s e d , b o t h s e x e s t e n d e d t o i n c r e a s e t h e 
t i m e s p e n t f e e d i n g . T h i s i n c r e a s e i s p r o b a b l y d u e t o 
d e c r e a s e d t e m p e r a t u r e s l e a d i n g t o i n c r e a s e d e n e r g y 
r e q u i r e m e n t s a n d p o s s i b l y a l s o t h e s c a r c i t y o f o t h e r f o o d s 
e l s e w h e r e . T h i s t r e n d w a s m o s t m a r k e d i n m a l e s , a n d may b e 
a r e f l e c t i o n o f a c h a n g e i n t h e q u a l i t y o f t h e m a l e s w h i c h 
a r e p r e s e n t . T h e s e a s o n a l t r e n d o f d e c r e a s i n g mean b i l l 
d e p t h s u g g e s t s t h a t t h e a d u l t m a l e s p r e s e n t l a t e r i n t h e 
w i n t e r a r e , on a v e r a g e , y o u n g e r ( t h e o l d e r m a l e s l e a v e t h e 
w i n t e r i n g g r o u n d s f i r s t t o go b a c k t o t h e i r b r e e d i n g 
c o l o n i e s ) . I f t h e l o w e r f o r a g i n g s u c c e s s o f y o u n g e r h e r r i n g 
g u l l s , shown f o r i m m a t u r e b i r d s ( V E R B E E K 1 9 7 7 a ; G R E I G e t 
a l , . 1 9 8 3 ) , c o n t i n u e s i n t o a d u l t l i f e , t h e n t h i s may e x p l a i n 
t h e g r e a t e r s e a s o n a l i n c r e a s e i n f e e d i n g t i m e o f m a l e s 
c o m p a r e d w i t h f e m a l e s . B o t h s e x e s a l s o s h o w e d a s e a s o n a l 
i n c r e a s e i n t h e p r o p o r t i o n o f b i r d s p a r t i c i p a t i n g m 
u n d i s t u r b e d p r i m a r y f e e d i n g . I n t h i s c a s e i t w a s t h e 
f e m a l e s i n w h i c h t h e t r e n d was m o s t m a r k e d . T h r o u g h o u t t h e 
w i n t e r , t h e p r o p o r t i o n o f m a l e s a t t h e t i p s d e c r e a s e d 
(COULSON e t a l . , 198 3 c ) ; i n a d d i t i o n , t h e m a l e s p r e s e n t 
l a t e r i n t h e w i n t e r may b e , on a v e r a g e , y o u n g e r . T h e s e two 
f a c t o r s r e s u l t i n l e s s c o m p e t i t i v e e x c l u s i o n o f f e m a l e s b y 
m a l e s f r o m p r i m a r y u n d i s t u r b e d . f e e d i n g a s t h e w i n t e r 
p r o g r e s s e d . 
E v i d e n c e f r o m s e v e r a l s p e c i e s o f b o t h b i r d s a n d mammals 
i n d i c a t e s t h a t b o d y s i z e i s a n i m p o r t a n t d e t e r m i n a n t o f 
s o c i a l d o m i n a n c e ( F R E T W E L L 1 9 6 9 ; APPLEBY, 1 9 8 0 ) . I n h i g h e r 
v e r t e b r a t e s , m a l e s a r e u s u a l l y l a r g e r t h a n f e m a l e s a n d 
g e n e r a l l y m a l e s a r e d o m i n a n t o v e r f e m a l e s (WILSON, 1 9 7 5 ) . 
I n s p e c i e s w h e r e f e m a l e d o m i n a n c e h a s b e e n shown, e . g . h a w k s 
a n d o w l s (SNYDER & WILEY, 1 9 7 6 ) , h y e n a s ( C r o c u t a c r o c u t a ; 
KRUK, 1 9 7 2 ) , t h e f e m a l e i s t h e l a r g e r s e x . I n t h i s s t u d y , 
t h e l a r g e r m a l e h e r r i n g g u l l d o m i n a t e d t h e f e m a l e i n 
c o m p e t i t i v e f e e d i n g . I n u n d i s t u r b e d f e e d i n g , a d u l t m a l e 
h e r r i n g g u l l s s h o w e d an a g g r e s s i v e f e e d i n g s t r a t e g y w h i c h 
i n v o l v e d o b t a i n i n g a t l e a s t a f i f t h o f t h e i r f o o d b y 
a t t a c k i n g a n d d i s p l a c i n g o t h e r f e e d i n g h e r r i n g g u l l s f r o m 
h i g h q u a l i t y f e e d i n g p a t c h e s ( T a b l e 3.3). T h e b e n e f i t s o f 
s t e a l i n g f o o d i t e m s w h i c h o t h e r i n d i v i d u a l s h a v e t a k e n t i m e 
t o f i n d h a s b e e n shown i n o y s t e r c a t c h e r s ( H a e m a t o p u s 
o s t r a l e g u s ; GOSS-CUSTARD e t a l . , 1 9 8 2 ) , g l a u c o u s - w i n g e d 
g u l l s ( L a r u s g l a u c e s c e n s ; ROCKWELL, 1 9 8 2 ) , a n d i n two e g r e t 
s p e c i e s (CALDWELL, 1 9 8 0 ) . I n t h e l a s t s t u d y , CALDWELL a l s o 
f o u n d t h a t t h e b e n e f i t o f w i n n i n g w a s n o t s i m p l y m t h e 
s h o r t t e r m g a i n o f a s i n g l e f o o d i t e m , b u t i n t h e w i n n i n g o f 
a good f o r a g i n g s i t e w h i c h i n c r e a s e d t h e r a t e o f f o o d i n t a k e 
s u b s e q u e n t l y . 
I n c o n t r a s t , a d u l t f e m a l e h e r r i n g g u l l s w e r e 
s u b o r d i n a t e m a c o m p e t i t i v e f e e d i n g s i t u a t i o n . T h e y 
a t t a c k e d o t h e r h e r r i n g g u l l s l e s s , ( p a r t i c u l a r l y o t h e r a d u l t 
h e r r i n g g u l l s ) , a n d w e r e a t t a c k e d more. T h e y f e d more o f t e n 
i n e d g e a r e a s o f t h e r e f u s e p i l e , w h e r e f o o d r e t u r n w a s 
l o w e r , b u t w h e r e a g g r e s s i v e i n t e r a c t i o n s w e r e a l s o l e s s 
f r e q u e n t , (MONAGHAN, 1 9 8 0 ) . A l t h o u g h g i v e n t h e same f e e d i n g 
o p p o r t u n i t i e s a s m a l e s , t h e y e n g a g e d more o f t e n i n d i s t u r b e d 
p r i m a r y f e e d i n g w h i c h w a s l e s s c o m p e t i t i v e . T h e c o m p e t i t i v e 
d i s a d v a n t a g e o f f e m a l e s b e c a m e more a p p a r e n t a s t h e 
u n d i s t u r b e d p r i m a r y f e e d i n g b o u t p r o g r e s s e d . As g o o d 
q u a l i t y f o o d p a t c h e s b e c a m e d e p l e t e d , a g g r e s s i o n i n c r e a s e d 
a n d t h e r a t e a t w h i c h f e m a l e s o b t a i n e d f o o d i t e m s f e l l . 
Some f e m a l e s r e s p o n d e d b y o p t i n g o u t o f f e e d i n g t h e r e 
a l t o g e t h e r . A d u l t m a l e s , i n c o n t r a s t , w e r e a b l e t o s u s t a i n , 
o r e v e n t o i n c r e a s e , t h e i r r a t e o f f o o d g a i n b y i n c r e a s e d 
r e l i a n c e on o b t a i n i n g f o o d b y a t t a c k i n g a n d d i s p l a c i n g o t h e r 
b i r d s i . e . i n c r e a s e d u s e o f k l e p t o - p a r a s i t i s m . 
I n c o n t r a s t , when h e r r i n g g u l l s f e d w h i l s t t h e 
b u l l d o z e r was w o r k i n g , t h e b u l l d o z e r i t s e l f u n c o v e r e d f o o d 
i t e m s . T h e f e e d i n g m e t h o d u s e d i n t h i s s i t u a t i o n i s s i m i l a r 
t o s u r f a c e d i p p i n g o v e r w a t e r o r f e e d i n g b e h i n d t h e p l o u g h . 
T h e h e r r i n g g u l l s f l y o r r u n i n , s n a t c h up f o o d i t e m s a n d 
f l y o f f . I f t h e y l a n d a t a l l , i t i s o n l y b r i e f l y . 
C o m p e t i t i v e i n t e r a c t i o n s b e t w e e n b i r d s a r e t h e r e f o r e 
e x t r e m e l y r a r e ( T a b l e 3 . 1 ) . M a n o e u v r a b i l i t y i s v e r y i m p o r t a n t 
i n t h i s t y p e o f f e e d i n g , a n d h e r e f e m a l e h e r r i n g g u l l s h a v e 
a n a d v a n t a g e o v e r m a l e s b e c a u s e o f t h e i r l o w e r w i n g l o a d i n g . 
T h e i n v e r s e r e l a t i o n s h i p b e t w e e n b o d y s i z e a n d m a n o e u v r -
a b i l i t y s h o u l d h o l d f o r a l l g e o m e t r i c a l l y s i m i l a r a n i m a l s 
s i n c e w i n g l o a d i n g i n c r e a s e s w i t h b o d y s i z e a n d t h e p o w e r 
m a r g i n ( t h e e x c e s s o f p o w e r a v a i l a b l e o v e r t h e p o w e r 
r e q u i r e d ) d e c r e a s e s (PENNYCUIK, 1 9 7 2 ) . I n s u p p o r t o f t h i s , 
HORTON e t a l . , ( 1 9 8 3 ) f o u n d t h a t , o f f i v e s p e c i e s o f g u l l s 
f e e d i n g a t t i p s , t h e s m a l l e r s p e c i e s i . e . b l a c k - h e a d e d a n d 
common g u l l s ( L a r u a r i d i b u n d u s , L . c a n u a ) , w e r e m o s t a d e p t 
a t f e e d i n g c l o s e t o t h e w o r k i n g b u l l d o z e r . BURGER ( 1 9 8 1 ) , i n 
a s t u d y o f l a u g h i n g g u l l s ( L . a t r i c i l l a ) a n d h e r r i n g g u l l s 
f e e d i n g a t a r e f u s e t i p , f o u n d t h a t t h e s m a l l e r l a u g h i n g 
g u l l s h o v e r e d a r o u n d t h e w o r k i n g b u l l d o z e r a n d d i p p e d f o r 
f o o d i t e m s t o a much g r e a t e r e x t e n t t h a n d i d t h e h e r r i n g 
g u l l s . 
S I B L Y £ M cCLEERY ( 1 9 8 3 b ) f o u n d t h a t a d u l t m a l e h e r r i n g 
g u l l s w e r e more e f f i c i e n t f o r a g e r s a t r e f u s e s i t e s t h a n 
f e m a l e s , m e a s u r i n g f o r a g i n g e f f i c i e n c y i n t e r m s o f r a t e o f 
w e i g h t g a i n . I n t h e p r e s e n t s t u d y , f e m a l e s , a l t h o u g h 
s u b o r d i n a t e t o m a l e s m a c o m p e t i t i v e f e e d i n g s i t u a t i o n , 
w e r e a b l e t o c o m p e n s a t e f o r t h e i r l o w e r e d e f f i c i e n c y b y 
i n c r e a s e d p a r t i c i p a t i o n i n d i s t u r b e d f e e d i n g w h e r e 
c o m p e t i t i v e i n t e r a c t i o n s w e r e v e r y i n f r e q u e n t . T h e r e l a t i v e 
p e r f o r m a n c e o f m a l e s a n d f e m a l e s w i l l d e p e n d on t h e f e e d i n g 
o p p o r t u n i t i e s w h i c h a r e p r e s e n t e d d u r i n g a v i s i t t o t h e t i p . 
I n t h e w i n t e r m o n t h s , a h e r r i n g g u l l may s p e n d s e v e r a l h o u r s 
o f t h e d a y a t a t i p , a n d o n l y f e e d f o r 3 0 - 4 0 m i n u t e s . To 
some e x t e n t , t h i s i s d u e t o d i s t u r b a n c e i n h i b i t i n g t h e g u l l s 
f r o m f e e d i n g . However, g i v e n t h e same f e e d i n g o p p o r t u n i -
t i e s , m a l e s a n d f e m a l e s t e n d t o make d i f f e r e n t c h o i c e s . 
When a d d i t i o n a l c o n s t r a i n t s o n f e e d i n g t i m e s u c h a s 
i n c u b a t i o n a r e i n o p e r a t i o n , t h i s may s e v e r e l y l i m i t t h e 
o p t i o n o f s e l e c t i n g p a r t i c u l a r t y p e s o f f e e d i n g a n d may 
e x p l a i n t h e l o w e r f e e d i n g e f f i c i e n c y o f f e m a l e s a t t i p s 
d u r i n g t h e b r e e d i n g s e a s o n ( S I B L Y & McCLEERY, 198 3 b ) . 
However, t h e e x a c t r e l a t i o n s h i p s b e t w e e n b o d y s i z e , 
m e t a b o l i c r e q u i r e m e n t s a n d t h e e n e r g e t i c c o s t s o f d i f f e r e n t 
f o r a g i n g m e t h o d s r e q u i r e s f u r t h e r i n v e s t i g a t i o n . 
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4. COMPARATIVE F E E D I N G BEHAVIOUR OF THREE S P E C I E S 
OF WINTERING G U L L S 
4.1 I n t r o d u c t i o n 
A f o r a g i n g a n i m a l f a c e s many d e c i s i o n s i n c l u d i n g w h e r e , 
when a n d how t o f e e d . T h e c h o i c e s made w i l l d e p e n d , n o t 
o n l y o n t h e c a p a b i l i t i e s o f t h e i n d i v i d u a l i . e . t h e p h y s i c a l 
c o n s t r a i n t s i n v o l v e d a n d t h e s k i l l s l e a r n t , b u t a l s o w i l l b e 
i n f l u e n c e d b y t h e c h o i c e made b y o t h e r i n d i v i d u a l s . 
A m a j o r p h y s i c a l c o n s t r a i n t o n f o r a g i n g b e h a v i o u r i s 
b o d y s i z e . B o d y s i z e c a n a f f e c t t h e s i z e o r w e i g h t o f p r e y 
w h i c h c a n b e k i l l e d o r c a r r i e d , o r w h i c h i t i s p r o f i t a b l e t o 
t a k e ( e . g . Newton, 1 9 7 9 ; C a r l s o n & Moreno, 1 9 8 3 ) . B o d y s i z e 
a l s o h a s i m p l i c a t i o n s f o r f l y i n g a b i l i t y , f o r e x a m p l e b y 
a f f e c t i n g m e t a b o l i c economy i n f l i g h t ( B r y a n t £ W e s t e r t e r p , 
1 9 8 2 ) o r m a n o e u v r a b i l i t y a t l o w s p e e d s ( G r e e n e w a l t , 1 9 7 5 ) . 
I n many c a s e s d i v e r g e n c e i n f o r a g i n g b e h a v i o u r b e t w e e n t h e 
s e x e s h a v e b e e n r e l a t e d t o d i f f e r e n c e s i n b o d y s i z e ( e . g . 
E r l i n g e , 1 9 7 9 ; Newton & M a r q u i s s , 1 9 8 2 ) , o r o c c a s i o n a l l y 
more s p e c i f i c a l l y t o some a s p e c t o f b o d y s i z e s u c h a s b i l l 
l e n g t h ( S m i t h & E v a n s , 1 9 7 3 ; P u t t i c k , 1 9 8 1 ) . Where 
c o m p e t i t i v e i n t e r a c t i o n s a r e i m p o r t a n t , d o m i n a n t s t a t u s may 
b e r e l a t e d t o body s i z e . I n a number o f s p e c i e s s o c i a l 
d o m i n a n c e o f o n e s e x b y t h e o t h e r h a s b e e n r e l a t e d t o s e x u a l 
s i z e d i m o r p h i s m ( e . g . H a r r i s o n , 1 9 8 3 ; T i l s o n & H a m i l t o n , 
1984; G r e i g e t a l . , i n p r e s s ) . 
M i x e d s p e c i e s f e e d i n g f l o c k s a d d a n o t h e r p a r a m e t e r t o 
t h e p r o b l e m o f how f o r a g i n g d e c i s i o n s a r e made, t h a t o f how 
t h e s p e c i e s c o m p o s i t i o n o f t h e f e e d i n g f l o c k may a f f e c t t h e 
b e h a v i o u r o f t h e c o m p o n e n t s p e c i e s : f o r e x a m p l e , i n a s t u d y 
o f f e e d i n g f l o c k s o f l a p w i n g s V a n e l l u s v a n e l l u s , g o l d e n 
p l o v e r s , P l u v i a l i s a p r i c a r i a , a n d b l a c k - h e a d e d g u l l s , L a r u s 
r i d i b u n d u s , on p a s t u r e , B a r n a r d e t a l . ( 1 9 8 2 ) f o u n d t h a t t h e 
p r e s e n c e o f b l a c k - h e a d e d g u l l s a f f e c t e d t h e r e l a t i v e f e e d i n g 
s u c c e s s o f t h e o t h e r two s p e c i e s a n d t h e i r e f f e c t s on e a c h 
o t h e r . 
T h e p r o b l e m s a d d r e s s e d i n t h i s p a p e r c o n c e r n t h e 
f o r a g i n g d e c i s i o n s made b y t h r e e s p e c i e s o f g u l l s , i n m i x e d 
s p e c i e s f e e d i n g f l o c k s a t r e f u s e t i p s . T h e a i m w a s t o 
d e s c r i b e t h e b e h a v i o u r o f i n d i v i d u a l s o f t h e t h r e e s p e c i e s 
t h r o u g h o u t t h e w i n t e r a n d t o i n t e r p r e t d i f f e r e n c e s i n 
b e h a v i o u r a n d i n f o r a g i n g s u c c e s s i n t e r m s o f t h e w a y s i n 
w h i c h f o r a g i n g d e c i s i o n s a r e made a n d f o r a g i n g b e h a v i o u r 
d e t e r m i n e d . T h r e e s p e c i e s w e r e i n v e s t i g a t e d , t h e g r e a t 
b l a c k - b a c k e d g u l l , L a r u s m a r i n u s , h e r r i n g g u l l , L . 
a r g e n t a t u s a n d b l a c k - h e a d e d g u l l , L r i d i b u n d u s . D u r i n g t h e 
w i n t e r i n n o r t h - e a s t E n g l a n d , B r i t i s h h e r r i n g g u l l s , L . 
a r g e n t a t u s a r g e n t e u s , a r e j o i n e d b y h e r r i n g g u l l s o f 
S c a n d i n a v i a n o r i g i n , L . a r g e n t a t u s a r g e n t a t u s , t h e l a t t e r 
f o r m i n g up t o 3 0 % o f t h e f e e d i n g f l o c k o f g u l l s a t t i p s i n 
n o r t h e a s t E n g l a n d i n D e c e m b e r a n d J a n u a r y ( C o u l s o n e t a l ^ , 
1 9 8 4 a ) . T h e S c a n d i n a v i a n h e r r i n g g u l l s a r e l a r g e r a n d 
d a r k e r i n m a n t l e s h a d e t h a n t h e i r B r i t i s h c o u n t e r p a r t s 
( B a r t h , 1 9 7 5 ) . T h e r e i s t h e r e f o r e a r a n g e i n s i z e i n t h e 
f e e d i n g f l o c k , n a m e l y , f r o m l a r g e s t t o s m a l l e s t , g r e a t 
b l a c k - b a c k e d g u l l , S c a n d i n a v i a n h e r r i n g g u l l , B r i t i s h 
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h e r r i n g g r u l l a n d b l a c k - h e a d e d g u l l . T h e n u m b e r s o f e a c h 
s p e c i e s w h i c h v i s i t r e f u s e t i p s e a c h d a y a r e v a r i a b l e , a s 
a r e t h e p r o p o r t i o n s i n w h i c h t h e y do s o . S e v e r a l w o r k e r s 
h a v e commented on d i f f e r e n c e s b e t w e e n t h e b e h a v i o u r o f t h e 
t h r e e s p e c i e s a t t i p s . H o r t o n e t a l . ( 1 9 8 3 ) r e c o r d e d t h a t 
b l a c k - h e a d e d g u l l s s e e m e d t o show a p r e f e r e n c e f o r f e e d i n g 
f r o m t h e a i r a n d c l o s e t o t h e w o r k i n g b u l l d o z e r , w h e r e a s t h e 
l a r g e r g u l l s p r e f e r r e d t o f e e d when t h e t i p was q u i e t , 
v e r b e e k ( 1 9 7 9 ) i n a s t u d y o f h e r r i n g , l e s s e r b l a c k - b a c k e d , 
L . f u s c u s , a n d g r e a t b l a c k - b a c k e d g u l l s f e e d i n g a t r e f u s e 
t i p s c o m m e n t e d t h a t ' g r e a t b l a c k - b a c k e d g u l l s f e d 
e x c l u s i v e l y " b y p a r a s i t i z i n g t h e o t h e r two g u l l s p e c i e s , 
e s p e c i a l l y h e r r i n g g u l l s ' . H o w ever, w i t h t h e e x c e p t i o n o f 
t h e w o r k o f B a r n a r d a n d h i s c o - w o r k e r s ( B a r n a r d & S t e p h e n s , 
1 9 8 1 ; B a r n a r d e t a l . , 1 9 8 2 ; Thompson & B a r n a r d , 1 9 8 3 ) , 
q u a n t i t a t i v e s t u d i e s o f m u l t i s p e c i e s f e e d i n g f l o c k s i n w h i c h 
f l o c k d y n a m i c s ( i . e . n u m b e r s a n d p r o p o r t i o n s o f d i f f e r e n t 
s p e c i e s p r e s e n t ) h a v e b e e n r e l a t e d t o f e e d i n g m e t h o d s a n d 
f e e d i n g s u c c e s s , h a v e b e e n l a c k i n g . 
4.2 M e t h o d s 
( a ) U s e o f r e f u s e t i p s 
C o u n t s w e r e made o f t h e number o f g r e a t b l a c k - b a c k e d , 
h e r r i n g a n d b l a c k - h e a d e d g u l l s a t f i v e r e f u s e t i p s , n a m e l y 
C o x h o e , Tow Law, C o n s e t t , G r e e n s i d e a n d P r u d h o e , Co. Durham, 
on a t o t a l o f 81 d a y s b e t w e e n O c t o b e r 1 9 8 2 a n d F e b r u a r y 
1 9 8 3 . A l l c o u n t s w e r e made b e t w e e n H 3 0 h a n d 1 4 0 0 h , when 
p e a k n u m b e r s o f g u l l s w e r e a t t h e t i p s (Monaghan, 1 9 8 0 ) , 
C o u n t s o f h e r r i n g g u l l s w e r e d i v i d e d i n t o a d u l t s a n d 
i m m a t u r e s ( 1 - 4 y e a r s ) . A g e s w e r e n o t d i s t i n g u i s h e d i n t h e 
c o u n t s o f g r e a t b l a c k - b a c k e d a n d b l a c k - h e a d e d g u l l s , b u t m 
b o t h s p e c i e s t h e g r e a t m a j o r i t y w e r e a d u l t s . I n o r d e r t o 
e x a m i n e t h e e f f e c t o f e n v i r o n m e n t a l c o n d i t i o n s on t h e 
n u m b e r s o f e a c h s p e c i e s v i s i t i n g t i p s , 14 e n v i r o n m e n t a l 
v a r i a b l e s w e r e u s e d ( l i s t e d m a p p e n d i x A ) . M e t e r e o l o g i c a l 
i n f o r m a t i o n f o r T y n e m o u t h w a s o b t a i n e d f r o m t h e N e w c a s t l e 
W e a t h e r C e n t r e a n d t h a t f o r Durham C i t y f r o m t h e Durham 
U n i v e r s i t y O b s e r v a t o r y . I n f o r m a t i o n on t h e s i z e o f t h e f i s h 
c a t c h , l a n d e d d a i l y a t N o r t h S h i e l d s , w a s o b t a i n e d f r o m 
M.A.F.F. ( N o r t h S h i e l d s ) , 
( b ) F e e d i n g m e t h o d s 
D i r e c t o b s e r v a t i o n s w e r e made a t Tow Law r e f u s e t i p , 
Co. Durham, b e t w e e n O c t o b e r 1 9 8 2 a n d F e b r u a r y 1 9 8 3 . A t o t a l 
o f 13 c o m p l e t e d a y l i g h t - h o u r o b s e r v a t i o n s ( 8 5 h o u r s i n a l l ) 
w e r e made a t t h i s r e f u s e t i p . T h r e e t y p e s o f f e e d i n g b o u t 
w e r e d i s t i n g u i s h e d a s d e s c r i b e d i n G r e i g e t a l . ( i n p r e s s ) , 
n a m e l y u n d i s t u r b e d p r i m a r y , d i s t u r b e d p r i m a r y a n d s e c o n d a r y 
f e e d i n g . T h e m a i n o p p o r t u n i t y f o r u n d i s t u r b e d p r i m a r y 
f e e d i n g was a t l u n c h t i m e when t h e t i p was q u i e t a n d b i r d s 
f e d on f r e s h l y dumped r u b b i s h . S u c h f e e d i n g t y p i c a l l y 
i n v o l v e d h i g h d e n s i t y o f b i r d s . D u r i n g d i s t u r b e d p r i m a r y 
f e e d i n g , t h e b i r d s a l s o f e d a t h i g h d e n s i t y , b u t w h i l s t t h e 
b u l l d o z e r was w o r k i n g . S u c h f e e d i n g was c h a o t i c . S e c o n d a r y 
f e e d i n g o c c u r r e d m a i n l y a t ' t h e b e g i n n i n g a n d a t t h e e n d o f 
t h e d a y . T h e g u l l s f e d a t l o w d e n s i t y on d i s p e r s e d r u b b i s h 
w h i c h h a d b e e n c o v e r e d w i t h e a r t h . T h e number a n d t y p e s o f 
f e e d i n g b o u t s , i n w h i c h u n i q u e l y m a r k e d a d u l t h e r r i n g g u l l s 
p a r t i c i p a t e d , w e r e r e c o r d e d b y d i r e c t o b s e r v a t i o n . 
M o r p h o l o g i c a l d i f f e r e n c e s b e t w e e n m a l e s a n d f e m a l e s a n d 
b e t w e e n B r i t i s h a n d S c a n d i n a v i a n h e r r i n g g u l l s h a v e b e e n 
u s e d t o i d e n t i f y b o t h t h e s e x a n d r a c e o f t h e i n d i v i d u a l l y 
m a r k e d b i r d s ( C o u l s o n e t a l . , 1 9 8 4 a ) . D a t a w e r e c o l l e c t e d 
on 159 a d u l t B r i t i s h h e r r i n g g u l l s a n d 39 a d u l t S c a n d i n a v i a n 
h e r r i n g g u l l s . C o u n t s w e r e made o f t h e number o f e a c h 
s p e c i e s p a r t i c i p a t i n g , 2-5 m i n u t e s f r o m t h e s t a r t o f 
f e e d i n g , i n a t o t a l o f 99 f e e d i n g b o u t s , 
( c ) F o r a g i n g b e h a v i o u r 
D a t a o n t h e f o r a g i n g b e h a v i o u r o f i n d i v i d u a l s o f e a c h 
s p e c i e s w e r e o b t a i n e d u s i n g c o l o u r - v i d e o r e c o r d i n g s , made a t 
f i v e r e f u s e t i p s ( C o x h o e , W i n g a t e , H e t t H i l l s , C o n s e t t a n d 
Tow Law, Co. D u r h a m ) . T h e s e r e c o r d i n g s w e r e made b e t w e e n 
O c t o b e r 1981 a n d F e b r u a r y 1 9 8 2 a n d O c t o b e r 1 9 8 2 a n d F e b r u a r y 
1 9 8 3 . D a t a w e r e c o l l e c t e d on u n m a r k e d i n d i v i d u a l s o f e a c h 
s p e c i e s , f o r a l l t h r e e t y p e s o f f e e d i n g . D a t a on 
i n d i v i d u a l l y c o l o u r - r i n g e d a d u l t h e r r i n g g u l l s w e r e 
c o l l e c t e d d u r i n g u n d i s t u r b e d p r i m a r y f e e d i n g o n l y . An 
o b s e r v a t i o n u n i t o f 15 s e c o n d s w a s u s e d i n t h e a n a l y s i s o f 
v i d e o r e c o r d i n g s , a n d t h e f o l l o w i n g d a t a w e r e c o l l e c t e d on 
e a c h i n d i v i d u a l , m e a c h u n i t : ( a ) number o f p e c k s , ( b ) 
number o f f o o d i t e m s s w a l l o w e d , ( c ) number o f p a c e s r a n k e d 
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i n o n e o f f o u r c a t e g o r i e s ; 0 - n o n e , 1 - one -to f o u r , 2 -
f i v e -to t e n , 3 - o v e r t e n : mean w a l k i n g r a t e s w e r e e s t i m a t e d 
b y a s s i g n i n g t h e f o l l o w i n g number o f p a c e s t o e a c h r a n k ; 1 -
2.5, 2 - 7.5, 3 - 15, ( d ) p r o p o r t i o n o f t i m e s p e n t s t a n d i n g 
s t i l l s c a n n i n g t h e f e e d i n g b i r d s a n d ( e ) p r o p o r t i o n o f t i m e 
s p e n t i n t h e a i r , b o t h r a n k e d i n o n e o f f o u r c a t e g o r i e s ; 0 -
n o n e , 1 - 1-58, 2 - 6 - l O s , 3 - 1 1 - 1 5 8 r m eans f o r b o t h ( d ) 
a n d ( f ) w e r e e s t i m a t e d b y a s s i g n i n g t h e f o l l o w i n g number o f 
s e c o n d s t o e a c h r a n k ; 1 - 2.5, 2 - 7.5, 3 - 1 2 . 5 , ( f ) number 
a n d n a t u r e o f e n c o u n t e r s w i t h o t h e r b i r d s . T h e s t a t i s t i c a l 
m e t h o d s u s e d i n t h e a n a l y s i s o f t h e b e h a v i o u r a l d a t a 
f o l l o w e d t h o s e d e s c r i b e d b y G r e i g e t a l . ( i n p r e s s ) . 
4.3 R e s u l t s 
4.3.1Use o f t i p s b y g r e a t b l a c k - b a c k e d , h e r r i n g a n d b l a c k - h e a d e d 
g u l l s 
B o t h t h e a b s o l u t e n u m b e r s o f t h e t h r e e s p e c i e s p r e s e n t 
a n d t h e i r r e l a t i v e p r o p o r t i o n s w e r e v a r i a b l e . T h e m a j o r i t y 
o f g u l l s f o u n d f e e d i n g a t r e f u s e s i t e s i n t h i s s t u d y w e r e 
h e r r i n g g u l l s ( T a b l e 4 .1). A d u l t a n d i m m a t u r e h e r r i n g g u l l s 
v i s i t e d t i p s i n v a r y i n g p r o p o r t i o n s b u t t h e g r e a t m a j o r i t y 
o f g r e a t b l a c k - b a c k e d a n d b l a c k - h e a d e d g u l l s p r e s e n t w e r e 
a d u l t s . S i n c e t h e s t a n d a r d d e v i a t i o n o f t h e n u m b e r s p r e s e n t 
v a r i e d w i t h t h e mean f o r a l l t h r e e s p e c i e s , a l o g a r i t h m i c 
t r a n s f o r m a t i o n w as u s e d i n o r d e r t o t e s t t h e e q u a l i t y o f t h e 
c o e f f i c i e n t s o f v a r i a t i o n . T h e n u m b e r s o f b o t h g r e a t b l a c k -
b a c k e d a n d b l a c k - h e a d e d g u l l s w e r e s i g n i f i c a n t l y m o re 
v a r i a b l e t h a n t h o s e o f e i t h e r a d u l t o r i m m a t u r e h e r r i n g 
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g u l l s ( T a b l e 4.1). I n o r d e r t o i n v e s t i g a t e t h e r e l a t i o n s h i p s , 
i f a n y , b e t w e e n d a y t o d a y v a r i a t i o n i n t h e n u m b e r s o f t h e 
d i f f e r e n t s p e c i e s v i s i t i n g t i p s a n d e n v i r o n m e n t a l 
c o n d i t i o n s , t h e t e c h n i q u e o f m u l t i p l e r e g r e s s i o n w a s u s e d . 
T h e r e w e r e s i g n i f i c a n t d i f f e r e n c e s b o t h b e t w e e n t i p s 
( F = 2 . 7 7 , d . f . = 4 . 7 6 , p < 0 . 0 5 ) a n d m o n t h s ( F = 5 . 7 8 , d . f . = 4 . 7 6 , 
p < 0 . 0 0 1 ) i n t h e number o f g r e a t b l a c k - b a c k e d g u l l s 
p r e s e n t , w i t h s i g n i f i c a n t l y g r e a t e r n u m b e r s b e i n g p r e s e n t i n 
J a n u a r y t h a n i n a l l o t h e r m o n t h s . T h e d a t a , c o n s i d e r e d f o r 
b o t h a d u l t a n d i m m a t u r e h e r r i n g g u l l s , s h o w e d no s i g n i f i c a n t 
d i f f e r e n c e s b e t w e e n t i p s ( F = 1 . 0 2 a n d F = 0 . 9 9 r e s p e c t i v e l y ) 
b u t t h e s e a s o n a l e f f e c t w a s p r e s e n t , a g a i n s i g n i f i c a n t l y 
h i g h e r n u m b e r s b e i n g p r e s e n t i n J a n u a r y ( a d u l t s ; F = 1 1 . 2 1 , 
d . f . = 4 . 7 6 , p < 0 . 0 0 1 : i m m a t u r e s ; F = 6 . 4 0 , d . f . = 4 . 7 6 , p < 
0 . 0 0 1 ) . T h e r e w e r e no s e a s o n a l d i f f e r e n c e s i n t h e t o t a l 
t 
number o f b l a c k - h e a d e d g u l l s p r e s e n t ( F = 1 . 9 0 , d . f . = 4 . 7 6 , 
n . s . ) , b u t t h e r e w e r e l a r g e d i f f e r e n c e s b e t w e e n n u m b e r s a t 
d i f f e r e n t t i p s ( F = 7 . 0 5 , d . f . = 4 . 7 6 , p < 0 . 0 0 1 ) . 
A s t e p w i s e m u l t i p l e r e g r e s s i o n w a s p e r f o r m e d u s i n g t h e 
number o f e a c h s p e c i e s a s t h e d e p e n d e n t v a r i a b l e a n d s i x 
i n d e p e n d e n t v a r i a b l e s w h i c h h a d s i g n i f i c a n t (p < 0 . 0 5 ) 
s i m p l e c o r r e l a t i o n s w i t h t h e number o f o n e o r more s p e c i e s . 
( S e e A p p e n d i x A f o r c o m p l e t e l i s t o f e n v i r o n m e n t a l v a r i a b l e s 
e x a m i n e d . ) F i r s t , i n o r d e r t o r e m o v e t h e v a r i a t i o n d ue t o 
d i f f e r e n c e s b e t w e e n t i p s a n d b e t w e e n J a n u a r y a n d t h e o t h e r 
m o n t h s , t h e s e v a r i a b l e s w e r e f o r c e d i n a t t h e b e g i n n i n g o f 
t h e r e g r e s s i o n . T h e r e s u l t s o f t h e r e g r e s s i o n a n a l y s i s f o r 
e a c h o f t h e t h r e e s p e c i e s ( a d u l t a n d i m m a t u r e h e r r i n g g u l l s 
w e r e c o n s i d e r e d s e p a r a t e l y ) a r e shown i n T a b l e 4.2 t o g e t h e r 
w i t h t h e r a n g e o f v a l u e s o b s e r v e d f o r e a c h e n v i r o n m e n t a l 
v a r i a b l e . 
T h r e e v a r i a b l e s h a d s i g n i f i c a n t c o r r e l a t i o n s w i t h g r e a t 
b l a c k - b a c k e d n u m b e r s , n a m e l y t h e s i z e o f t h e f i s h c a t c h , 
w i n d s p e e d ( m e a s u r e d a t o e o o h ) a n d w h e t h e r o r n o t t h e r e was 
a n o v e r n i g h t f r o s t . T h e n e g a t i v e r e l a t i o n s h i p w i t h f i s h 
c a t c h was s u c h t h a t a 20 f o l d i n c r e a s e i n t h e s i z e o f t h e 
f i s h c a t c h w o u l d p r e d i c t a r e d u c t i o n i n t h e number o f g r e a t 
b l a c k - b a c k s a t t h e t i p s b y t w e l v e b i r d s , a d e c r e a s e o f 4 3% 
on t h e mean number p r e s e n t . T h e e f f e c t o f w i n d s p e e d w a s 
p o s i t i v e a n d i n d i c a t e d t h a t a c h a n g e f r o m c a l m c o n d i t i o n s t o 
g a l e f o r c e w i n d s (34 k n o t s ) w o u l d r e s u l t i n a n i n c r e a s e o f 
25 i n t h e number o f g r e a t b l a c k - b a c k s p r e s e n t . O v e r n i g h t 
f r o s t a l s o h a d a p o s i t i v e e f f e c t on n u m b e r s i n l a n d , l e a d i n g 
t o a n i n c r e a s e o f 12 b i r d s . 
T h e two v a r i a b l e s w h i c h h a d a s i g n i f i c a n t i n f l u e n c e on 
a d u l t h e r r i n g g u l l n u m b e r s a t t i p s w e r e w i n d s p e e d ( m e a s u r e d 
a t 1 8 0 0 h on t h e p r e v i o u s d a y ) a n d t e m p e r a t u r e a t o e o o h . T h e 
t w o w i n d s p e e d v a r i a b l e s ( 0 6 0 0 h a n d 1 8 0 0 h ) w e r e 
s i g n i f i c a n t l y c o r r e l a t e d ( r = 0 . 4 6 , d . f . = 7 9 , p < 0.01) a s w e r e 
t h e f r o s t a n d t e m p e r a t u r e v a r i a b l e s ( r = 0 . 7 4 , d . f . = 7 9 , p < 
0 . 0 1 ) . H e r r i n g g u l l s w e r e t h e r e f o r e s i m i l a r t o g r e a t b l a c k -
b a c k e d g u l l s i n t h a t c o l d a n d w i n d y c o n d i t i o n s r e s u l t e d m 
l a r g e r n u m b e r s f e e d i n g a t t i p s . A c h a n g e f r o m c a l m t o g a l e 
f o r c e w i n d s p r e d i c t e d a n i n c r e a s e o f 124 a d u l t h e r r i n g g u l l s 
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( a n i n c r e a s e o f 5 4% on -the mean number p r e s e n t ) , a n d a o n e 
d e g r e e c e n t i g r a d e d e c r e a s e i n t e m p e r a t u r e a n i n c r e a s e o f 17 
( 8 % o f t h e mean) i n t h e number o f a d u l t h e r r i n g g u l l s 
f e e d i n g a t t i p s . Wind s p e e d a l s o h a d a s i g n i f i c a n t e f f e c t 
on n u m b e r s o f i m m a t u r e h e r r i n g g u l l s , b u t f o r t h i s g r o u p 
t h e r e was no s i g n i f i c a n t e f f e c t o f t e m p e r a t u r e . A l t h o u g h 
t h e n u m e r i c a l e f f e c t o f a c h a n g e i n w i n d s p e e d w a s l e s s f o r 
i m m a t u r e s t h a n f o r a d u l t s ( c a l m t o g a l e f o r c e p r e d i c t s a n 
i n c r e a s e o f 7 2 ) , t h e p r o p o r t i o n a l e f f e c t w a s s i m i l a r . 
None o f t h e e n v i r o n m e n t a l v a r i a b l e s p r o v e d u s e f u l i n 
p r e d i c t i n g t h e number o f b l a c k - h e a d e d g u l l s a t t i p s f r o m d a y 
t o d a y . T h e o n l y s i g n i f i c a n t v a r i a b l e w a s w i n d d i r e c t i o n , 
w i t h o n s h o r e w i n d s r e s u l t i n g i n a n i n c r e a s e o f 74 (±33) 
b l a c k - h e a d e d g u l l s . H owever, d i f f e r e n c e s b e t w e e n t i p s a n d 
m o n t h s e x p l a i n e d 3 5 % o f t h e v a r i a t i o n i n n u m b e r s , a n d w i n d 
d i r e c t i o n w a s r e s p o n s i b l e f o r o n l y a f u r t h e r 4% o f t h e 
v a r i a t i o n i n n umber. 
T h e s e a s o n a l e f f e c t r e s u l t i n g i n l a r g e r n u m b e r s o f b o t h 
h e r r i n g a n d g r e a t b l a c k - b a c k e d g u l l s b e i n g p r e s e n t i n 
J a n u a r y was e x a m i n e d t o d e t e r m i n e w h e t h e r i t c o u l d b e 
e x p l a i n e d b y c h a n g e s i n a n y o f t h e e n v i r o n m e n t a l v a r i a b l e s 
shown t o b e p r e d i c t o r s o f t h e n u m b e r s o f t h e s e two s p e c i e s . 
T h e o n l y v a r i a b l e w h i c h s h o w e d a s i g n i f i c a n t d i f f e r e n c e 
b e t w e e n J a n u a r y a n d t h e o t h e r m o n t h s was t h e s i z e o f t h e 
f i s h c a t c h , t h e a v e r a g e c a t c h i n J a n u a r y b e i n g 1 6 % o f t h a t 
o v e r t h e r e s t o f t h e w i n t e r s e a s o n ( S t u d e n t ' s ' t * t e s t o f 
l o g f i s h c a t c h ; t = 2 . 4 2 , d . f . = 7 9 , p < 0 . 0 2 5 ) . When t h e s i z e 
o f f i s h c a t c h v a r i a b l e w a s f o r c e d , i n a t t h e s t a r t o f t h e 
r e g r e s s i o n , a s i g n i f i c a n t s e a s o n a l e f f e c t r e m a i n e d f o r b o t h 
s p e c i e s . T h e r e f o r e h i g h e r n u m b e r s o f g r e a t b l a c k - b a c k e d a n d 
h e r r i n g g u l l s f e e d i n g a t t i p s i n J a n u a r y was n o t e x p l i c a b l e 
m t e r m s o f c h a n g e s i n t e m p e r a t u r e , w i n d s p e e d o r t h e s i z e 
o f t h e f i s h c a t c h , a n d i t i s l i k e l y t h a t o t h e r f a c t o r s 
r e l a t i n g t o l a r g e r s c a l e w i n t e r m o v e m e n t s w e r e r e s p o n s i b l e . 
I n summary, c o l d a n d w i n d y ( i . e . c h i l l y ) c o n d i t i o n s 
r e s u l t e d i n h i g h e r n u m b e r s o f b o t h g r e a t b l a c k - b a c k e d a n d 
h e r r i n g g u l l s f e e d i n g a t r e f u s e t i p s . C h a n g e s i n w i n d s p e e d 
h a d a p r o p o r t i o n a l l y g r e a t e r e f f e c t o n g r e a t b l a c k - b a c k e d 
g u l l n u m b e r s , w h e r e a s t h o s e o f a d u l t h e r r i n g g u l l s w e r e m o r e 
i n f l u e n c e d by c h a n g e s i n t e m p e r a t u r e . I n g r e a t b l a c k - b a c k e d 
g u l l s a l o n e , t h e s i z e o f t h e f i s h c a t c h w a s i m p o r t a n t i n 
d e t e r m i n i n g n u m b e r s a t t i p s . G r e a t b l a c k - b a c k e d g u l l s a l s o 
d i f f e r e d f r o m h e r r i n g g u l l s i n t h a t t h e r e w e r e s i g n i f i c a n t 
d i f f e r e n c e s m n u m b e r s a t d i f f e r e n t t i p s , a n d s i n c e t h e two 
s p e c i e s r e s p o n d e d d i f f e r e n t l y , i t s e e m s u n l i k e l y t h a t t h i s 
c a n b e e x p l a i n e d i n t e r m s o f t h e s i z e or c a p a c i t y o f t h e 
t i p s . I n b l a c k - h e a d e d g u l l s t h i s ' t i p e f f e c t ' w a s 
r e s p o n s i b l e f o r n e a r l y a l l t h e v a r i a t i o n i n n u m b e r s w h i c h 
w a s e x p l a i n e d i n t h e a n a l y s i s . A g a i n t h e r e w a s no common 
p a t t e r n t o i n d i c a t e a s i m p l e e f f e c t o f t i p s i z e . F a c t o r s 
s u c h a s p r o x i m i t y t o t h e c o a s t o r t o n i g h t t i m e r o o s t s , t h e 
s i z e o f t h e l o a f i n g a r e a a n d a v a i l a b i l i t y o f w a t e r ( f o r 
d r i n k i n g ) a r e a l l l i k e l y t o b e i m p o r t a n t . I n a d d i t i o n , t h e 
w o r k i n g r e g i m e o f t h e r e f u s e t i p may i n f l u e n c e f e e d i n g 
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m e t h o d s , a n d i n t h i s way f a v o u r o n e s p e c i e s m ore t h a n 
a n o t h e r . T h e f e e d i n g m e t h o d s u s e d b y t h e t h r e e s p e c i e s a r e 
d i s c u s s e d i n t h e f o l l o w i n g s e c t i o n s . 
4.3.2 F e e d i n g m e t h o d s 
T h e r e l a t i v e p r o p o r t i o n s o f t h e t h r e e g u l l s p e c i e s 
w h i c h p a r t i c i p a t e d i n u n d i s t u r b e d p r i m a r y , d i s t u r b e d p r i m a r y 
a n d s e c o n d a r y f e e d i n g a r e shown i n T a b l e 4.3 I t i s e v i d e n t 
t h a t , f o r a l l t h r e e t y p e s o f f e e d i n g , t h e p r o p o r t i o n s o f 
e a c h o f t h e t h r e e s p e c i e s p r e s e n t d e p a r t e d f r o m t h a t 
e x p e c t e d i f f e e d i n g m e t h o d s w e r e c h o s e n a t random. T h u s , 
h e r r i n g g u l l s w e r e f o u n d i n h i g h e r t h a n e x p e c t e d p r o p o r t i o n s 
i n u n d i s t u r b e d p r i m a r y f e e d i n g a n d i n l o w e r t h a n e x p e c t e d 
p r o p o r t i o n s i n d i s t u r b e d p r i m a r y f e e d i n g a n d l o w e r s t i l l i n 
s e c o n d a r y f e e d i n g . G r e a t b l a c k - b a c k e d g u l l s s e l e c t e d 
s e c o n d a r y f e e d i n g a n d u s u a l l y a v o i d e d d i s t u r b e d p r i m a r y 
f e e d i n g . T h e p a t t e r n i n b l a c k - h e a d e d g u l l s w a s d i f f e r e n t 
a g a i n ; a (much) g r e a t e r t h a n e x p e c t e d p r o p o r t i o n 
p a r t i c i p a t i n g i n d i s t u r b e d p r i m a r y a n d s e c o n d a r y f e e d i n g a n d 
a l o w e r t h a n e x p e c t e d p r o p o r t i o n b e i n g f o u n d i n u n d i s t u r b e d 
p r i m a r y f e e d i n g . 
R e c o r d s o f s i g h t i n g s o f c o l o u r - r i n g e d b i r d s w e r e u s e d 
t o i n v e s t i g a t e t h e u s e o f d i f f e r e n t f e e d i n g m e t h o d s b y 
B r i t i s h a n d S c a n d i n a v i a n h e r r i n g g u l l s . T h e r e w e r e no 
d i f f e r e n c e s m t h e p r o p o r t i o n s o f f e e d i n g b i r d s o f e a c h r a c e 
w h i c h p a r t i c i p a t e d i n u n d i s t u r b e d p r i m a r y o r i n s e c o n d a r y 
f e e d i n g . However 4 6 % ( n = 3 1 7 ) o f f e e d i n g B r i t i s h h e r r i n g 
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g u l l s p a r t i c i p a t e d i n d i s t u r b e d p r i m a r y f e e d i n g compared t o 
36% (n=104) of f e e d i n g S c a n d i n a v i a n h e r r i n g g u l l s ; f u r t h e r , 
on e l e v e n out of t h i r t e e n days t h e p r o p o r t i o n of f e e d i n g 
B r i t i s h b i r d s u s i n g t h i s f e e d i n g method was h i g h e r t h a n t h a t 
f o r S c a n d i n a v i a n b i r d s ( b i n o m i a l p r o b a b i l i t y , p=0.022). 
4 . 3 . 3 F e e d i n g b e h a v i o u r d u r i n g s e c o n d a r y f e e d i n g 
A s p e c t s of t h e f e e d i n g b e h a v i o u r of i n d i v i d u a l s of t h e 
t h r e e s p e c i e s d u r i n g s e c o n d a r y f e e d i n g a r e shown i n T a b l e 4.4 
G r e a t b l a c k - b a c k e d g u l l s h ad s i g n i f i c a n t l y h i g h e r peck, 
s w a l l o w and e n c o u n t e r r a t e s t h a n e i t h e r of t h e o t h e r two 
s p e c i e s . I n c o n t r a s t h e r r i n g and b l a c k - h e a d e d g u l l s had 
s i g n i f i c a n t l y h i g h e r w a l k i n g r a t e s t h a n d i d g r e a t b l a c k -
b a c k s , and t h e r e was no d i f f e r e n c e i n t h e p r o p o r t i o n of t i m e 
e a c h s p e c i e s s p e n t s t a n d i n g s t i l l , s c a n n i n g t h e o t h e r 
f e e d i n g b i r d s . Thus, d u r i n g s e c o n d a r y f e e d i n g g r e a t b l a c k -
b a c k e d g u l l s f o r a g e d more e f f e c t i v e l y t h a n t h e o t h e r two 
s p e c i e s and o b t a i n e d a h i g h p r o p o r t i o n (58%, n=38) of t h e i r 
food by r o b b i n g o t h e r f e e d i n g g u l l s ( m o s t l y h e r r i n g g u l l s ) . 
S econdary f e e d i n g was r e l a t i v e l y u n p r o f i t a b l e f o r b o t h 
h e r r i n g and b l a c k - h e a d e d g u l l s ( s e e l a t e r f o r c o m p a r i s o n s 
w i t h o t h e r f e e d i n g methods), who p a t r o l l e d t h e f e e d i n g a r e a 
e x t e n s i v e l y b ut o b t a i n e d v e r y l i t t l e f ood f o r t h e i r e f f o r t s . 
None of t h e t h r e e s p e c i e s s p e n t t i m e i n t h e a i r d u r i n g 
s e c o n d a r y f o r a g i n g . 
4.3.4 F e e d i n g b e h a v i o u r d u r i n g d i s t u r b e d p r i m a r y f e e d i n g 
S i n c e g r e a t b l a c k - b a c k e d g u l l s so r a r e l y p a r t i c i p a t e d 
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i n d i s t u r b e d p r i m a r y f e e d i n g ( T a b l e 4.3) , no d a t a a r e 
p r e s e n t e d f o r t h i s s p e c i e s i n t h i s s e c t i o n . The f e e d i n g 
b e h a v i o u r of h e r r i n g and b l a c k - h e a d e d g u l l s d u r i n g d i s t u r b e d 
p r i m a r y f e e d i n g i s compared i n T a b l e 4.5. The most s t r i k i n g 
d i f f e r e n c e s were i n peck r a t e and i n t h e p r o p o r t i o n of t i m e 
s p e n t i n t h e a i r , h o v e r i n g o v e r t h e f e e d i n g a r e a . The 
s i g n i f i c a n t l y l ower peck r a t e and h i g h e r p r o p o r t i o n of 
h o v e r i n g t i m e i n b l a c k - h e a d e d g u l l s r e f l e c t s t h e ' s u r f a c e 
d i p p i n g ' method of f e e d i n g . B l a c k - h e a d e d g u l l s h o v e r e d over 
t h e f e e d i n g a r e a and p e r i o d i c a l l y d i p p e d down and s n a t c h e d 
up food i t e m s a s t h e y were exposed by t h e w o r k i n g b u l l d o z e r . 
H e r r i n g g u l l s u s e d t h i s method t o a l e s s e r e x t e n t , and 
t e n d e d t o spend more t i m e on t h e ground s e a r c h i n g ; hence 
t h e i r h i g h e r peck r a t e . A l though h e r r i n g g u l l s h o v e r e d l e s s 
t h a n b l a c k - h e a d e d g u l l s , t h e y s t i l l s p e n t o v e r a q u a r t e r of 
t h e t i m e i n t h e a i r , a c o n s i d e r a b l y g r e a t e r p r o p o r t i o n t h a n 
d u r i n g any o t h e r f e e d i n g method. Th e r e was no d i f f e r e n c e m 
av e r a g e s w a l l o w r a t e between t h e two s p e c i e s . 
4 . 3 . 5 F e e d i n g b e h a v i o u r d u r i n g u n d i s t u r b e d p r i m a r y f e e d i n g 
A s p e c t s of t h e f e e d i n g b e h a v i o u r o f g r e a t b l a c k - b a c k e d , 
S c a n d i n a v i a n h e r r i n g , B r i t i s h h e r r i n g and b l a c k - h e a d e d g u l l s 
d u r i n g u n d i s t u r b e d p r i m a r y f e e d i n g a r e shown i n T a b l e 4.6 
Although d a t a a r e p r e s e n t e d f o r b l a c k - h e a d e d g u l l s , t h e i r 
p a r t i c i p a t i o n i n u n d i s t u r b e d p r i m a r y f e e d i n g was l i m i t e d t o 
1-2 m inutes a t t h e s t a r t of t h e f e e d i n g bout; hence t h e v e r y 
low a v e r a g e numbers of t h i s s p e c i e s i n t h i s t y p e of f e e d i n g 
( T a b l e 4.3). T y p i c a l l y , b l a c k - h e a d e d g u l l s were t h e f i r s t t o 
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move i n t o f e e d , but w i t h i n 1-2 mins n e a r l y a l l had been 
d i s p l a c e d , a p p a r e n t l y e x c l u d e d by t h e l a r g e r g u l l s . 
However, d i r e c t a g g r e s s i v e e n c o u n t e r s between b l a c k - h e a d e d 
and h e r r i n g g u l l s were r a r e and no e n c o u n t e r s between them 
and g r e a t b l a c k - b a c k e d g u l l s were o b s e r v e d . B l a c k - h e a d e d 
g u l l s s p e n t a h i g h p r o p o r t i o n of t i m e i n t h e a i r , l a n d i n g 
f o r v e r y s h o r t p e r i o d s o n l y . T h i s r e d u c e d d i r e c t c o n t a c t 
between them and t h e l a r g e r g u l l s p e c i e s and a s t h e numbers 
of h e r r i n g and g r e a t b l a c k - b a c k e d g u l l s b u i l t up, b l a c k -
headed g u l l s were i n h i b i t e d from l a n d i n g a t a l l . Thus, t h e 
l a c k of b l a c k - h e a d e d g u l l s i n u n d i s t u r b e d p r i m a r y f e e d i n g 
may be a r e s u l t of t h e i r a v o i d a n c e of t h e l a r g e r g u l l s , 
r a t h e r t h a n d i r e c t c o m p e t i t i v e e x c l u s i o n . A lthough t h e 
s w a l l o w i n g r a t e a c h i e v e d by b l a c k - h e a d e d g u l l s i n t h i s t y p e 
of f e e d i n g was r e l a t i v e l y h i g h , i t was o n l y s u s t a i n e d f o r a 
v e r y s h o r t time, and t h e r e f o r e t h e t o t a l food g a m was 
s m a l l . 
With t h e e x c e p t i o n of t h e f i r s t one or two mi n u t e s , 
h e r r i n g and g r e a t b l a c k - b a c k e d g u l l s c o m p r i s e d 92% of t h e 
f e e d i n g f l o c k m u n d i s t u r b e d p r i m a r y f e e d i n g ( T a b l e 4 . 3 ) . 
G r e a t b l a c k - b a c k e d g u l l s had, on a v e r a g e , a s i g n i f i c a n t l y 
h i g h e r s w a l l o w i n g r a t e of one and a h a l f t i m e s t h a t of 
e i t h e r r a c e of h e r r i n g g u l l ( T a b l e 4.6). They made f o u r t i m e s 
as many a t t a c k s p er u n i t t i m e a s B r i t i s h h e r r i n g g u l l s and 
t w i c e as many a s S c a n d i n a v i a n h e r r i n g g u l l s ( T a b l e 4.6). I n 
a d d i t i o n , t h e r a t e a t w h i c h i n d i v i d u a l g r e a t b l a c k - b a c k e d 
g u l l s were a t t a c k e d was h a l f t h a t f o r e i t h e r r a c e of h e r r i n g 
g u l l ( T a b l e 4.6). The most marked d i f f e r e n c e between t h e two 
s p e c i e s was i n t h e p r o p o r t i o n of food o b t a i n e d by a t t a c k , 
i . e . i n t h e u s e of k l e p t o p a r a s i t i s m . T h r e e f i f t h s of food 
i t e m s o b t a i n e d by g r e a t b l a c k - b a c k e d g u l l s were e i t h e r 
s t o l e n d i r e c t l y from o t h e r g u l l s or, more o f t e n , o b t a i n e d 
from a f e e d i n g p a t c h w h i c h was a c q u i r e d by d i s p l a c i n g 
a n o t h e r s u c c e s s f u l l y f e e d i n g b i r d . The c o r r e s p o n d i n g 
p r o p o r t i o n s f o r S c a n d i n a v i a n and B r i t i s h h e r r i n g g u l l s were 
a f i f t h and a t e n t h , r e s p e c t i v e l y ( T a b l e 4.6). Low p e c k i n g 
and w a l k i n g r a t e s , h i g h a t t a c k r a t e s and a h i g h p r o p o r t i o n 
of t i m e s p e n t s t a n d i n g s t i l l were a l l b e h a v i o u r s w h i c h 
c o r r e l a t e d w i t h a h i g h l e v e l of k l e p t o p a r a s i t i s m . A l t h o u g h 
t h e d i f f e r e n c e i n t h e p r o p o r t i o n of f o o d g a i n e d by a t t a c k 
between B r i t i s h and S c a n d i n a v i a n h e r r i n g g u l l s was n o t 
s i g n i f i c a n t , S c a n d i n a v i a n h e r r i n g g u l l s had w a l k i n g and 
p e c k i n g r a t e s w h i c h were s i m i l a r t o t h o s e o f g r e a t b l a c k -
b a c k s , and w h i c h were s i g n i f i c a n t l y l o w e r t h a n t h o s e of 
B r i t i s h h e r r i n g g u l l s ( T a b l e 4.6). They a l s o had a 
s i g n i f i c a n t l y h i g h e r a t t a c k r a t e and s p e n t a g r e a t e r 
p r o p o r t i o n of t i m e s t a n d i n g s t i l l t h a n B r i t i s h b i r d s ( T a b l e 
4.6). T h i s e v i d e n c e s u g g e s t s i n c r e a s e d u s e of k l e p t o -
p a r a s i t i s m by S c a n d i n a v i a n h e r r i n g g u l l s . However, t h e r e 
were no d i f f e r e n c e s between t h e two r a c e s i n mean s w a l l o w i n g 
r a t e ( T a b l e 4.6). I n c r e a s e d u s e o f k l e p t o p a r a s i t i s m by g r e a t 
b l a c k - b a c k e d g u l l s d i d l e a d t o i n c r e a s e d f o r a g i n g s u c c e s s . 
A c o m p a r i s o n of t h e r a t i o of a t t a c k s made t o a t t a c k s 
s u f f e r e d ( i f , a s was t r u e i n t h i s c a s e , t h e r e a r e no 
56 
d i f f e r e n c e s i n s u c c e s s ) g i v e s an i n d i c a t i o n of c o m p e t i t i v e 
a b i l i t y . I n d i v i d u a l g r e a t b l a c k - b a c k e d g u l l s made 
s i g n i f i c a n t l y more a t t a c k s t h a n t h e y s u f f e r e d , due t o t h e 
a p p a r e n t r e l u c t a n c e of h e r r i n g g u l l s t o a t t a c k them ( T a b l e 
4.6). T h i s s u g g e s t s t h e y were a b l e t o commandeer t h e most 
p r o f i t a b l e f e e d i n g p a t c h e s on t h e r e f u s e and, i n t h i s way, 
t o a c h i e v e a h i g h e r s w a l l o w i n g r a t e t h a n e i t h e r r a c e of 
h e r r i n g g u l l , 
4.3.6 c o m p a r i s o n of p a r t i c i p a t i o n and p e r f o r m a n c e w i t h r e s p e c t t o 
f e e d i n g method 
l . G r e a t b l a c k - b a c k e d g u l l s : T h e r e was no d i f f e r e n c e i n t h e 
s w a l l o w i n g r a t e s a c h i e v e d d u r i n g s e c o n d a r y and u n d i s t u r b e d 
p r i m a r y f e e d i n g ( T a b l e s 4.4 & 4.6). T h i s i s s u r p r i s i n g g i v e n 
t h e more d i s p e r s e d and c o v e r e d n a t u r e of t h e r e f u s e d u r i n g 
s e c o n d a r y f e e d i n g . The s i g n i f i c a n t l y h i g h e r peck r a t e m 
s e c o n d a r y f e e d i n g (t=1.99, d.f.=95 9, p < 0.05) r e f l e c t s t h e 
g r e a t e r e f f o r t r e q u i r e d t o u n c o v e r and e x t r a c t e d i b l e i t e m s . 
However, t h e r a t e s of a g g r e s s i o n and t h e e x t e n t of k l e p t o -
p a r a s i t i s m were comparable i n t h e two f e e d i n g t y p e s ( T a b l e s 
4.4 & 4.6).The d a t a on t h e p r o p o r t i o n s of e a c h s p e c i e s u s i n g 
t h e d i f f e r e n t f e e d i n g methods ( T a b l e 4.3) i n d i c a t e t h a t t h e 
p r o p o r t i o n of g r e a t b l a c k - b a c k e d g u l l s w h i c h p a r t i c i p a t e d i n 
s e c o n d a r y f e e d i n g was h i g h e r t h a n t h a t of h e r r i n g or b l a c k -
headed g u l l s . Thus i n c r e a s e d p a r t i c i p a t i o n was a s s o c i a t e d 
w i t h i n c r e a s e d s u c c e s s , w h i c h would be p r e d i c t e d by o p t i m a l 
f o r a g i n g t h e o r y , i f m a x i m i s i n g food i n t a k e i . e . s w a l l o w i n g 
ra-fce, was t h e g o a l . 
2. H e r r i n g g u l l s : Both t y p e s of p r i m a r y f e e d i n g were 
comparable i n terms of a v e r a g e s w a l l o w i n g r a t e ( T a b l e s 4.5 & 4 
but a c o m p a r i s o n of t h e v a r i a n c e i n d i c a t e s t h a t t h e r e w a r d 
i n d i s t u r b e d f e e d i n g was s i g n i f i c a n t l y more v a r i a b l e 
(F=2.21, d.f.=42.762, p < 0 . 0 1 ) . The mam d i f f e r e n c e s 
between t h e s e two f e e d i n g methods were t h a t u n d i s t u r b e d 
f e e d i n g was c o n s i d e r a b l y more c o m p e t i t i v e , w i t h an e i g h t 
t i m e s h i g h e r e n c o u n t e r r a t e , and t h a t t h e t i m e a v a i l a b l e f o r 
u n d i s t u r b e d f e e d i n g was g r e a t e r ( G r e i g e t a l . , i n p r e s s ) . 
S econdary f e e d i n g i n v o l v e d a l o w e r food r e t u r n b u t had t h e 
advantage of b e i n g l e s s c o m p e t i t i v e and a l s o b e i n g a v a i l a b l e 
f o r a g r e a t e r p e r i o d o f t i m e ( G r e i g e t a l ^ , i n p r e s s ) . 
Table4.3 shows t h a t h e r r i n g g u l l s d e m o n s t r a t e d an o r d e r of 
p r e f e r e n c e i n f e e d i n g t y p e (namely: u n d i s t u r b e d p r i m a r y > 
d i s t u r b e d p r i m a r y > s e c o n d a r y ) w h i c h a g r e e s w i t h t h e i r 
p erformance, i f maximising' food i n t a k e and m i n i m i s i n g t h e 
u n c e r t a i n t y of f e e d i n g s u c c e s s a r e t h e most i m p o r t a n t 
c o n s i d e r a t i o n s . M a n o e u v r a b i l i t y i s a l s o an i m p o r t a n t f a c t o r 
i n d i s t u r b e d f e e d i n g and t h e l o w e r p r o p o r t i o n of 
S c a n d i n a v i a n h e r r i n g g u l l s w h i c h u s e d t h i s f e e d i n g method 
may be a consequence of e n e r g e t i c c o n s t r a i n t s due t o g r e a t e r 
body s i z e . 
3. B l a c k - h e a d e d g u l l s : As w i t h t h e h e r r i n g g u l l , b o t h 
t y p e s of p r i m a r y f e e d i n g were comparable i n terms of a v e r a g e 
s w a l l o w i n g r a t e ( T a b l e s 4.5 & 4.6) but t h e r e w a r d i n d i s t u r b e d 
f e e d i n g was s i g n i f i c a n t l y more v a r i a b l e (F=1.80, 
s8 
d.f.=105,139, p < 0 . 0 5 ) . The a v e r a g e s w a l l o w i n g r a t e d u r i n g 
s e c o n d a r y f e e d i n g was s i g n i f i c a n t l y l ower t h a n t h a t d u r i n g 
t = 5 . 4 9 , 
u n d i s t u r b e d p r i m a r y f e e d i n g ( T a b l e s 4 .48 .4 .6 ; d.f. = 180, p < 
0.001). The o r d e r of p r e f e r e n c e i n f e e d i n g t y p e 
d e m o n s t r a t e d by b l a c k - h e a d e d g u l l s was; d i s t u r b e d p r i m a r y > 
s e c o n d a r y > u n d i s t u r b e d p r i m a r y . Thus i f m a x i m i s i n g food 
i n t a k e was t h e o n l y c o n s i d e r a t i o n , t h e y were c l e a r l y not 
b e h a v i n g o p t i m a l l y . However s m a l l e r s i z e and t h e r e f o r e 
l ower wing l o a d i n g a f f o r d s b l a c k - h e a d e d g u l l s an e n e r g e t i c 
advantage over t h e l a r g e r g u l l s d u r i n g d i s t u r b e d f e e d i n g . 
D e s p i t e t h e i r h i g h s w a l l o w i n g r a t e , b l a c k - h e a d e d g u l l s took 
l i t t l e p a r t m u n d i s t u r b e d p r i m a r y f e e d i n g . T h i s was e i t h e r 
due t o d i r e c t c o m p e t i t i v e e x c l u s i o n by t h e l a r g e r g u l l s , or, 
more p r o b a b l y , a r e s u l t of t h e b l a c k - h e a d e d g u l l s a v o i d i n g 
t h e c o n c e n t r a t i o n s of t h e l a r g e r g u l l s . When t h e l a r g e r 
s p e c i e s were a b s e n t or g r e a t l y outnumbered by b l a c k - h e a d e d 
g u l l s , t h e l a t t e r p a r t i c i p a t e d f u l l y i n u n d i s t u r b e d f e e d i n g 
( p e r s o n a l o b s e r v a t i o n ; Horton e t S L I . , 1983) . 
4 . 3 . 7 R e l a t i v e i m p o r t a n c e o f d i f f e r e n t f e e d i n g methods t o e a c h 
s p e c i e s 
The a v e r a g e p r o p o r t i o n of food o b t a i n e d d a i l y by d i f f e r e n t 
f e e d i n g methods c a n be p a r t i t i o n e d f o r e a c h s p e c i e s , u s i n g 
(a) t h e a v e r a g e r e w a r d p e r i n d i v i d u a l m e a c h f e e d i n g method 
( T a b l e s 4 . 4 - 6 ) , (b) t h e mean d a i l y d u r a t i o n of e a c h t y p e of 
f e e d i n g ( G r e i g e t a l . , i n p r e s s ) , and ( c ) t h e p r o p o r t i o n of 
e a c h s p e c i e s p r e s e n t w h i c h u s e d each f e e d i n g method ( T a b l e 
4 . 3 ) . The a v e r a g e d a i l y food g a i n p e r i n d i v i d u a l f o r each 
f e e d i n g method i s t h e n g i v e n by t h e p r o d u c t of (a) , (b) and 
( c ) . The r e l a t i v e i m p o r t a n c e of e a c h f e e d i n g method t o e a c h 
s p e c i e s i s t h u s b a s e d on a c o m b i n a t i o n of t h e a v e r a g e 
f e e d i n g s u c c e s s u s i n g t h a t f e e d i n g method, t h e a v a i l a b i l i t y 
of t h a t t y p e of f e e d i n g and t h e p r o p o r t i o n of t h e s p e c i e s 
w h i c h p a r t i c i p a t e d . A l though t h e r e a r e l a r g e e r r o r s 
a t t a c h e d t o t h e s e e s t i m a t e s , t h i s a n a l y s i s does a l l o w t h e 
r e l a t i v e i m p o r t a n c e of e a c h f e e d i n g method t o be compared 
bo t h w i t h i n and between s p e c i e s ( T a b l e 4.7) . D i s t u r b e d 
f e e d i n g was of g r e a t e s t i m p o r t a n c e t o b l a c k - h e a d e d g u l l s ; 
d e s p i t e i t s l i m i t e d a v a i l a b i l i t y of o n l y 22 m i n u t e s p e r day, 
75% of food was o b t a i n e d u s i n g t h i s f e e d i n g method. H e r r i n g 
g u l l s , m c o n t r a s t , o b t a i n e d n e a r l y a l l (81%) of t h e i r food 
d u r i n g u n d i s t u r b e d p r i m a r y f e e d i n g , most of t h e b a l a n c e from 
d i s t u r b e d f e e d i n g , and v e r y l i t t l e a t a l l from s e c o n d a r y 
f e e d i n g ( T a b l e 4 . 7 ) . G r e a t b l a c k - b a c k e d g u l l s a l s o o b t a i n e d a 
h i g h p r o p o r t i o n of food from u n d i s t u r b e d p r i m a r y f e e d i n g , 
a l t h o u g h l e s s t h a n t h e c o r r e s p o n d i n g p r o p o r t i o n f o r h e r r i n g 
g u l l s . s e c o n d a r y f e e d i n g was o f c o n s i d e r a b l y more 
im p o r t a n c e t o g r e a t b l a c k - b a c k e d g u l l s t h a n t o e i t h e r of t h e 
o t h e r two s p e c i e s ( T a b l e 4 . 7 ) . The r e l a t i v e m e t a b o l i c s i z e of 
h e r r i n g and g r e a t b l a c k - b a c k e d g u l l s i s s u c h t h a t g r e a t 
b l a c k - b a c k e d g u l l s r e q u i r e a p p r o x i m a t e l y 60% more food t h a n 
h e r r i n g g u l l s . Whereas h e r r i n g g u l l s may be a b l e t o meet 
t h e i r food needs d u r i n g p r i m a r y f e e d i n g , i t may be t h a t , due 
t o t h e l i m i t e d a v a i l a b i l i t y of u n d i s t u r b e d f e e d i n g and t h e 
d i s a d v a n t a g e i n c u r r e d by l a r g e body s i z e i n d i s t u r b e d 
(H 
X) CO 
CD X) e n r o CO 
c c rH O CO 
o o • • « 
H o o o o 
-p 0) 
H c n 
-p 
u 
CO 
Q , 
>> 
CO 
X) 
£ 
O 
CO 
CD 
CO 
XJ o x: 
-p <u e 
bO 
C 
•rH 
X I 
CD 
CD 
< H 
p i 
c 
CD 
U 
4> 
C H 
< H 
H 
X) 
>> 
X ) 
XJ 
CD 
C 
H 
Cfl 
-P 
X I 
o 
X) o o 
C H 
< H 
O 
C 
O 
H 
X) 
o 
•p 
CD 
B 
bfl 
C 
H 
X J 
CD 
CD 
£ 
H u a 
X I CD 
CD rH 
X I • • 
(H o o 
-p 
CO 
H 
Q 
>> 
u 
CO 
£ 
H 
SH 
a 
x> 
CD 
X ) 
-p 
CO 
•H 
X) 
C 
3 
co rH rH 00 co 
d d d 
-p CD «H 
H rH 
o CJ 3 a CD bfl 
o a u CO XJ 
a rH <D-
x: rH X CD o O X CO bO CO 
H <D X ) 
X I rH 1 
a> rH X 
X) 3 V 
CO bO CO 
• CD rH 
w X bO X I 
CD 1 C 
CD H X •H •p 
rH CJ o u CO 
X t CD CO u 0) 
CO a rH <D H C/0 03 X 
60 
f e e d i n g , g r e a t b l a c k - b a c k e d g u l l s c a n n o t . They may 
compensate by i n c r e a s e d u s e of s e c o n d a r y f o r a g i n g . 
4.3.8 E f f e c t of body s i z e on f e e d i n g b e h a v i o u r 
The e x t e n t of p a r t i c i p a t i o n i n d i s t u r b e d f e e d i n g was 
c l e a r l y i n f l u e n c e d by body s i z e . T h e r e was a t r e n d of 
d e c r e a s i n g p a r t i c i p a t i o n w i t h s i z e , from b l a c k - h e a d e d g u l l , 
B r i t i s h h e r r i n g g u l l , S c a n d i n a v i a n h e r r i n g g u l l t o g r e a t 
b l a c k - b a c k e d g u l l . i n a d d i t i o n , w i t h i n e a c h r a c e of h e r r i n g 
g u l l t h e r e was a d i f f e r e n c e between t h e s e x e s , w i t h 
p r o p o r t i o n a t e l y more f e m a l e s p a r t i c i p a t i n g i n d i s t u r b e d 
f e e d i n g . T h e r e was a s i g n i f i c a n t n e g a t i v e c o r r e l a t i o n 
2 
between wing l o a d i n g ( e s t i m a t e d by body w e i g h t / w i n g l e n g t h ) 
and p a r t i c i p a t i o n i n d i s t u r b e d f e e d i n g ( F i g , 4.1) . Wing 
l o a d i n g a c t s as a c o n s t r a i n t on t h e a b i l i t y t o manoeuvre 
e s p e c i a l l y a t low speed s ( G r e e n e w a l t , 1 9 7 5 ) . i n d i s t u r b e d 
f e e d i n g both b l a c k - h e a d e d and h e r r i n g g u l l s s p e n t a h i g h 
p r o p o r t i o n of time h o v e r i n g ( T a b l e 4.5) and made r e p e a t e d 
l a n d i n g s and t a k e - o f f s . The r e l a t i v e l y h i g h wing l o a d i n g of 
g r e a t b l a c k - b a c k s a p p a r e n t l y made i t u n p r o f i t a b l e t o at t e m p t 
p a r t i c i p a t i o n i n d i s t u r b e d f e e d i n g , under t h e c o n d i t i o n s 
i n v e s t i g a t e d i n t h i s s t u d y . I n t h e same way, t h e 
s i g n i f i c a n t l y l ower p a r t i c i p a t i o n of S c a n d i n a v i a n h e r r i n g 
g u l l s i n d i s t u r b e d f e e d i n g compared t o B r i t i s h h e r r i n g g u l l s 
c a n be e x p l a i n e d by d i f f e r e n c e s i n wing l o a d i n g . 
C o m p e t i t i v e a b i l i t y i s d i r e c t l y r e l a t e d t o body s i z e . 
I t i s e v i d e n t t h a t s e v e r a l a s p e c t s o f f e e d i n g b e h a v i o u r 
% participation in 
disturbed feeding 
60 r 
20 
rs=-0.94 • 
p<0.05 
20 30 40 50 60 70 
Wing loading index (weight/wing length2 x 1000) 
a Black-headed gull o Scandinavian female herring gull 
• British female herring gull • Scandinavian male herring gull 
a British male herring gull • Great black-backed gull 
l g . 4.1 P a r t i c i p a t i o n i n d i s t u r b e d f e e d i n g and w i n g 
l o a d i n g . (Data f o r h e r r i n g g u l l s a r e b a s e d o n 
t h e p r o p o r t i o n of f e e d i n g c o l o u r - r i n g e d b i r d s 
w h i c h p a r t i c i p a t e d i n d i s t u r b e d f e e d i n g . Those 
f o r b l a c k - h e a d e d g u l l s and g r e a t b l a c k - b a c k e d 
g u l l s a r e based on t h e r a t i o of t h e a v e r a g e 
number p a r t i c i p a t i n g i n d i s t u r b e d f e e d i n g e a c h 
day t o t h e a v e r a g e t o t a l number of t h a t s p e c i e s 
p r e s e n t a t t h e t i p . ) 
d u r i n g u n d i s t u r b e d p r i m a r y f e e d i n g show t r e n d s w h i c h a r e 
s i z e - r e l a t e d ( T a b l e 4.6). The f o r a g i n g b e h a v i o u r of males and 
f e m a l e s of b o t h r a c e s of h e r r i n g g u l l d u r i n g u n d i s t u r b e d 
p r i m a r y f e e d i n g showed s i m i l a r s i z e r e l a t e d t r e n d s ( T a b l e 
4.8). The B r i t i s h male and t h e S c a n d i n a v i a n f e m a l e a r e of 
s i m i l a r s i z e and t h e s i m i l a r i t y of t h e i r f o r a g i n g b e h a v i o u r 
i n d i c a t e s t h a t s e x - r e l a t e d d i f f e r e n c e s m bo t h r a c e s a r e 
d e t e r m i n e d p r i m a r i l y by s i z e r a t h e r t h a n by s e x . Peck 
r a t e s , of a l l t h r e e s p e c i e s , and w a l k i n g r a t e s , of h e r r i n g 
and g r e a t b l a c k - b a c k e d g u l l s d e c r e a s e d w i t h i n c r e a s i n g s i z e 
( T a b l e s 4.6 & 4.8) .Aggression was s i g n i f i c a n t l y and p o s i t i v e l y 
c o r r e l a t e d w i t h s i z e (p < 0 . 0 1 ) , a s was t h e p r o p o r t i o n of 
food o b t a i n e d by a t t a c k i n g and d i s p l a c i n g o t h e r f e e d i n g 
b i r d s ( F i g . 4 . 2 ) . However, f e e d i n g s u c c e s s , a s measured by 
s w a l l o w i n g r a t e , was n o t s i z e - r e l a t e d ( F i g , 4.3). The h i g h 
f e e d i n g s u c c e s s of b l a c k - h e a d e d g u l l s was o n l y a c h i e v e d a t 
t h e s t a r t of t h e f e e d i n g bout, a f t e r w h i c h t i m e v e r y few 
b l a c k - h e a d e d g u l l s p a r t i c i p a t e d . T h e r e were no s i g n i f i c a n t 
d i f f e r e n c e s m s w a l l o w i n g r a t e between t h e s e x e s or r a c e s of 
h e r r i n g g u l l s a l t h o u g h one might have e x p e c t e d t h a t , i n 
c o m p e t i t i v e f e e d i n g , l a r g e r b i r d s would be dominant and 
t h e r e f o r e more s u c c e s s f u l . One e x p l a n a t i o n i s t h a t 
s u b o r d i n a t e i n d i v i d u a l s may opt out of c o m p e t i t i v e f e e d i n g 
a s soon a s t h e i r f e e d i n g r a t e d e c l i n e s , and compensate by 
f e e d i n g i n o t h e r ways. Indeed, t h i s d e s c r i b e s t h e b e h a v i o u r 
of b l a c k - h e a d e d g u l l s , w h i c h compensate by i n c r e a s e d 
s e c o n d a r y and d i s t u r b e d p r i m a r y f e e d i n g . T h e r e i s e v i d e n c e 
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F i g . 4 2 V a r i a t i o n i n a) a t t a c k i n g r a t e and b) p r o p o r t i o n 
of food g a i n e d by i n t e r a c t i o n , w i t h body w e i g h t . 
(For key t o symbols s e e F i g . 4.1) 
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F i g . 4.3 v a r i a t i o n i n s w a l l o w i n g r a t e w i t h body w e i g h t 
(For key t o symbols s e e F i g . 4.1) 
m s u p p o r t of t h i s e x p l a n a t i o n a l s o i n r e l a t i o n t o male and 
f emale B r i t i s h h e r r i n g g u l l s . F e m ales p a r t i c i p a t e d l e s s 
t h a n males i n u n d i s t u r b e d f e e d i n g ( p a r t i c u l a r l y i n t h e l a t e r 
s t a g e s of t h e f e e d i n g bout when c o m p e t i t i v e i n t e r a c t i o n s 
were more f r e q u e n t ) and compensated by i n c r e a s e d 
p a r t i c i p a t i o n i n d i s t u r b e d f e e d i n g ( G r e i g , e t a l . , i n 
p r e s s ) . However s u c h an e x p l a n a t i o n does not h o l d f o r t h e 
c o m p a r i s o n between S c a n d i n a v i a n and B r i t i s h h e r r i n g g u l l s . 
F i r s t l y , t h e r e were no d i f f e r e n c e s between t h e r a c e s i n 
t h e i r p a r t i c i p a t i o n i n u n d i s t u r b e d p r i m a r y or s e c o n d a r y 
f e e d i n g , and t h e p a r t i c i p a t i o n o f S c a n d i n a v i a n h e r r i n g g u l l s 
i n d i s t u r b e d f e e d i n g was l e s s t h a n t h a t o f B r i t i s h h e r r i n g 
g u l l s . s e c o n d l y , one would e x p e c t S c a n d i n a v i a n h e r r i n g 
g u l l s , b e c a u s e o f t h e i r l a r g e r s i z e and i n c r e a s e d 
a g g r e s s i v e n e s s , t o dominate t h e B r i t i s h b i r d s , and a c h i e v e 
h i g h e r f e e d i n g s u c c e s s . The a v e r a g e r a t e a t which B r i t i s h 
h e r r i n g g u l l s were a t t a c k e d by o t h e r h e r r i n g g u l l s was 
g r e a t e r t h a n t h a t f o r S c a n d i n a v i a n h e r r i n g g u l l s ( T a b l e 4.8 ) . 
I n a d d i t i o n , S c a n d i n a v i a n h e r r i n g g u l l s had h i g h e r a v e r a g e 
a t t a c k i n g r a t e s t h a n B r i t i s h h e r r i n g g u l l s ( T a b l e 4.8) . T h i s 
e v i d e n c e i n d i c a t e s a c o m p e t i t i v e advantage f o r S c a n d i n a v i a n 
h e r r i n g g u l l s i n i n t r a s p e c i f i c i n t e r a c t i o n s . However, t h e 
o v e r a l l r a t e a t which an i n d i v i d u a l was a t t a c k e d , 
c o n s i d e r i n g a t t a c k s by both h e r r i n g or g r e a t b l a c k - b a c k e d 
g u l l s , was s i m i l a r f o r a l l a d u l t h e r r i n g g u l l s , i r r e s p e c t i v e 
of r a c e ( T a b l e 4.6 ) . T h i s was b e c a u s e t h e p r o p o r t i o n 
of a t t a c k s s u f f e r e d which were i n i t i a t e d by g r e a t b l a c k -
backed g u l l s v a r i e d a c c o r d i n g t o s p e c i e s and, f o r h e r r i n g 
g u l l s , a c c o r d i n g t o r a c e and s e x , s u c h t h a t i n d i v i d u a l s of 
l a r g e body s i z e were more l i k e l y t o be a t t a c k e d by g r e a t 
b l a c k - b a c k e d g u l l s t h a n were s m a l l e r i n d i v i d u a l s ( F i g . 4 . 4 ) . 
Thus, a l t h o u g h S c a n d i n a v i a n h e r r i n g g u l l s may d i s p l a c e 
B r i t i s h h e r r i n g g u l l s from p r o f i t a b l e f e e d i n g p a t c h e s more 
o f t e n t h a n v i c e v e r s a , t h e former a r e more l i k e l y t o be 
d i s p l a c e d by a g r e a t b l a c k - b a c k e d g u l l . I n d i v i d u a l s of both 
r a c e s a r e t h e r e f o r e d i s p l a c e d from f e e d i n g p a t c h e s w i t h 
e q u a l f r e q u e n c y , and hence t h e i r s i m i l a r f e e d i n g s u c c e s s . 
Only 3% (n=71) of a t t a c k s made by both r a c e s of h e r r i n g g u l l 
were a g a i n s t g r e a t b l a c k - b a c k e d g u l l s . T h e r e f o r e , g r e a t 
b l a c k - b a c k e d g u l l s were a b l e t o u s e k l e p t o p a r a s i t i s m more 
e f f e c t i v e l y t h a n t h e o t h e r g u l l s p e c i e s , and t h u s a c h i e v e a 
h i g h e r s w a l l o w i n g r a t e t h a n e i t h e r r a c e of h e r r i n g g u l l . 
.3.9 E f f e c t o f s i z e w i t h i n a s e x 
B i o m e t r i c d a t a were a v a i l a b l e f o r t h e i n d i v i d u a l l y 
marked h e r r i n g g u l l s e n a b l i n g t h e e f f e c t of s i z e w i t h i n a 
s e x to be examined. S c a n d i n a v i a n h e r r i n g g u l l s were not 
u s e d i n t h i s a n a l y s i s due t o t h e s m a l l s a m p l e s of 
i n d i v i d u a l l y marked b i r d s a v a i l a b l e . A d u l t B r i t i s h h e r r i n g 
g u l l s were d i v i d e d i n t o t h r e e s i z e c a t e g o r i e s ( s m a l l , medium 
and l a r g e ) , f o r b o t h s e x e s , u s i n g e a c h of two b i o m e t r i c s , 
namely head and b i l l l e n g t h and b i l l depth. Head and b i l l 
l e n g t h i s r e p r e s e n t a t i v e of o v e r a l l body s i z e . B i l l d e p t h 
c o n t i n u e s t o grow a f t e r m a t u r i t y ( C o u l s o n e t a l . , 1981) and 
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Fxg. 4.4 V a r i a t i o n i n t h e p r o p o r t i o n of a t t a c k s s u f f e r e d 
w hich were made by g r e a t b l a c k - b a c k e d g u l l s w i t h 
t h e body weight of t h e a t t a c k e d b i r d . 
(For key t o symbols s e e F i g . 4.1) 
i t was not s i g n i f i c a n t l y c o r r e l a t e d w i t h head and b i l l 
l e n g t h i n t h e sample of male and fe m a l e h e r r i n g g u l l s u s e d 
(males; r=0.21, d.f.=49, n . s . s f e m a l e s ; r=0.21, d.f.=61, 
n. s . ) . A d u l t males i n t h e l a r g e head and b i l l l e n g t h 
c a t e g o r y had s i g n i f i c a n t l y h i g h e r s w a l l o w and a t t a c k r a t e s 
t h a n males i n t h e s m a l l c a t e g o r y (Fig.4.5, comparing 
l a r g e and s m a l l c a t e g o r i e s : s w a l l o w r a t e ; ±=3.31, d.f.=276, 
p < 0.01: a t t a c k r a t e ; t=2.23, d.f.=276, p < 0 . 0 5 ) . T h e r e 
was no d i f f e r e n c e m t h e r a t e a t w h i c h d i f f e r e n t s i z e d 
m ales were a t t a c k e d by o t h e r h e r r i n g g u l l s , b u t mal e s of 
l a r g e head and b i l l l e n g t h s were a t t a c k e d s i g n i f i c a n t l y more 
f r e q u e n t l y , by g r e a t b l a c k - b a c k e d g u l l s , t h a n males of s m a l l 
head and b i l l l e n g t h ( F i g . 4.5, comparing l a r g e and s m a l l 
c a t e g o r i e s : t=2.74, d.f.=276, p < 0 . 0 1 ) . Thus, l a r g e m a l e s 
were more s u c c e s s f u l , i n ter m s of food i n t a k e , and were more 
a g g r e s s i v e , but were more l i k e l y t o s u f f e r a t t a c k s from 
g r e a t b l a c k - b a c k e d g u l l s . Males of l a r g e b i l l d e p t h were 
a l s o s i g n i f i c a n t l y more s u c c e s s f u l , m term s of s w a l l o w 
r a t e , t h a n males w i t h s m a l l b i l l d e p t h s ( F i g 4.6, comparing 
l a r g e and s m a l l c a t e g o r i e s : t= 3.12, d.f.=264, p < 0 . 0 1 ) . 
However, t h e r e was no d i f f e r e n c e i n e i t h e r t h e i r a t t a c k 
r a t e s or t h e r a t e s a t whic h t h e y were a t t a c k e d by g r e a t 
b l a c k - b a c k e d g u l l s . The a v e r a g e s w a l l o w i n g r a t e f o r mal e s 
m e a c h b i l l depth c a t e g o r y was a d j u s t e d f o r d i f f e r e n c e s m 
head and b i l l l e n g t h u s i n g c o v a r i a n c e a n a l y s i s . Owing t o 
th e c o m p l e x i t i e s of a l l o w i n g f o r i n d i v i d u a l v a r i a t i o n , b o t h 
w i t h i n and between b i r d s , t h i s a n a l y s i s was per f o r m e d on t h e 
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F i g . 4.5 D i f f e r e n c e s between B r i t i s h male h e r r i n g g u l l s of 
d i f f e r e n t head and b i l l l e n g t h s i n a) s w a l l o w i n g 
r a t e , b) a t t a c k i n g r a t e and c ) r a t e of b e i n g 
a t t a c k e d by g r e a t b l a c k - b a c k e d g u l l s ( b a r s a r e 
95% c o n f i d e n c e l i m i t s ) . 
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F i g . 4.6 D i f f e r e n c e s i n s w a l l o w i n g r a t e between B r i t i s h 
male h e r r i n g g u l l s of d i f f e r e n t b i l l d e p t h s ( b a r s 
a r e 95% c o n f i d e n c e l i m i t s ) . 
S; s m a l l (< 19.0mm) M: medium (19.O-19.5mm) 
L: l a r g e (> 19.5mm) 
means f o r e a c h b i r d , w i t h a c o r r e s p o n d i n g r e d u c t i o n i n t h e 
d e g r e e s of freedom. T h e r e remained a s i g n i f i c a n t t r e n d of 
i n c r e a s e d f e e d i n g s u c c e s s w i t h b i l l d e p th (comparing 
a d j u s t e d mean s w a l l o w r a t e of l a r g e and s m a l l c a t e g o r i e s ; 
t=2.44, d . f . = 33, p < 0 . 0 5 ) . Mean b i l l depth, a d j u s t e d f o r 
d i f f e r e n c e s m head and b i l l l e n g t h , i s a measure of 
r e l a t i v e age, and so t h i s r e l a t i o n s h i p i n d i c a t e s t h a t 
e x p e r i e n c e improves f e e d i n g s u c c e s s i n a d u l t b i r d s . T h e r e 
were no s i z e r e l a t e d t r e n d s m t h e f e e d i n g s u c c e s s or 
e n c o u n t e r r a t e s of a d u l t f e m a l e h e r r i n g g u l l s . The s i z e 
r e l a t e d t r e n d s , m a t t a c k r a t e and i n r a t e of b e i n g a t t a c k e d 
by a g r e a t b l a c k - b a c k e d g u l l , p r e s e n t w i t h i n t h e sample of 
a d u l t male h e r r i n g g u l l s ( F i g . 4.5) , a r e i d e n t i c a l t o t h o s e 
d e m o n s t r a t e d by t h e i n t e r s p e c i f i c c o m p a r i s o n s d e s c r i b e d i n 
t h e p r e v i o u s s e c t i o n ( F i g s . 4.2 & 4.4). 
4.4 D i s c u s s i o n 
S e v e r a l s t u d i e s h a v e s t r e s s e d t h e i m p o r t a n c e of r e f u s e 
a s a food f o r g u l l s , e s p e c i a l l y d u r i n g t h e w i n t e r months 
(Spaans, 1971; Kihlman & L a r s s o n , 1974; Mudge & F e r n s , 
1982) . I n c r e a s e d food abundance r e s u l t i n g from i n c r e a s e d 
p r o d u c t i o n of r e f u s e , i n a d d i t i o n t o t h a t r e s u l t i n g from 
i n t e n s i f i e d c o m m e r c i a l f i s h i n g , h a s been c i t e d a s a major 
f a c t o r m t h e r e c e n t p o p u l a t i o n e x p l o s i o n of s e v e r a l g u l l 
s p e c i e s (Spaans, 1971; H a r r i s , 1 9 7 0 ) . I n t h i s s t u d y 
i n c r e a s e d numbers of g r e a t b l a c k - b a c k e d and h e r r i n g g u l l s 
v i s i t e d r e f u s e t i p s when a i r t e m p e r a t u r e s were low and when 
wind speeds were h i g h . T h e r e i s some e v i d e n c e t h a t s u c h 
c o n d i t i o n s may be c o r r e l a t e d w i t h s h o r t a g e s of o t h e r f o o d s . 
High wind speeds, t h r o u g h c a u s i n g heavy s e a s , hamper f i s h i n g 
a c t i v i t i e s and a l s o , t h r o u g h i n c r e a s i n g w a t e r l e v e l s , 
d e c r e a s e t h e a v a i l a b i l i t y of l i t t o r a l f e e d i n g a r e a s (Kihlman 
& L a r s s o n , 1974). s t u d i e s on s e v e r a l wader s p e c i e s have 
shown i n c r e a s e d u s e of f i e l d s a s f e e d i n g s i t e s d u r i n g t h e 
w i n t e r , t h e i m p l i c a t i o n b e i n g t h a t t h e b i r d s a r e u n a b l e t o 
meet t h e i r food r e q u i r e m e n t s on e s t u a r i e s d u r i n g t h i s t i m e 
(e.g. f o r o y s t e r c a t c h e r s , Haematopus o s t r a l e g u s ; H e p p l e s t o n , 
1971: f o r r e d s h a n k s , T r i n g a t o t a n u s ; G o s s - C u s t a r d , 1969: f o r 
c u r l e w s , Numenius a r q u a t a ; Townshend, 19 8 1 ) . S e v e r a l 
s t u d i e s have a l s o d e m o n s t r a t e d l o w e r f e e d i n g r a t e s on 
i n t e r t i d a l p r e y i n c o l d e r w e a t h e r and have r e l a t e d t h i s t o 
d e c r e a s e d s u r f a c e a c t i v i t y o f p r e y ( G o s s - C u s t a r d , 1977; 
P i e n k o w s k i , 198 3a, 198 3 b ) . I n a d d i t i o n t h e meat c o n t e n t of 
v a r i o u s i n t e r t i d a l m o l l u s c s d e c r e a s e s d u r i n g t h e w i n t e r 
(Savage, 1956) as does t o t a l p r e y biomass ( G o s s - C u s t a r d , 
1977) t h u s l o w e r i n g t h e p r o f i t a b i l i t y o f i n t e r t i d a l f e e d i n g . 
P r e y a v a i l a b i l i t y on p a s t u r e a l s o d e c r e a s e s a t low 
t e m p e r a t u r e a s earthworms r e t r e a t deeper i n t o t h e ground 
( G e r a r d , 1 9 6 7 ) . The p r e s e n t s t u d y showed a c l e a r c o n n e c t i o n 
between t h e a v a i l a b i l i t y o f f i s h w a s t e a t t h e c o a s t ( a s 
measured by t h e s i z e of t h e f i s h c a t c h ) and numbers o f g r e a t 
b l a c k - b a c k e d g u l l s a t r e f u s e t i p s , b u t n o t t h o s e o f h e r r i n g 
g u l l s . Mudge £ F e r n s (1982) found t h a t g r e a t b l a c k - b a c k e d 
g u l l s u s e d c o a s t a l f e e d i n g a r e a s t o a g r e a t e r e x t e n t t h a n 
d i d h e r r i n g g u l l s d u r i n g both summer and w i n t e r . The f a c t 
t h a t numbers of both s p e c i e s a t t h e t i p s i n c r e a s e s when 
weather c o n d i t i o n s a r e s e v e r e and when o t h e r foods a r e 
s c a r c e or u n a v a i l a b l e s u g g e s t s t h a t r e f u s e may n o t be a 
p r e f e r r e d food. The e x c e s s of f e m a l e h e r r i n g g u l l s f e e d i n g 
a t t i p s throughout t h e w i n t e r ( C o u l s o n e t a l . , 1983c) 
s u g g e s t s t h a t t i p s may be l e s s p r e f e r r e d f e e d i n g s i t e s . 
A l s o , when i t i s c o l d and windy, t h e e n e r g e t i c c o s t s of 
f o r a g i n g a r e i n c r e a s e d , due t o d i f f i c u l t i e s w i t h f l i g h t and 
t h e need t o m a i n t a i n body t e m p e r a t u r e (Dugan e t a l . , 1 9 8 1 ) . 
I n t h e s e c o n d i t i o n s i t may be advantageous t o c h o o s e a 
f o r a g i n g s i t e w h i c h i s r e l a t i v e l y p r e d i c t a b l e . 
The numbers of b l a c k - h e a d e d g u l l s a t t i p s were not 
g r e a t l y i n f l u e n c e d by any of t h e e n v i r o n m e n t a l v a r i a b l e s 
examined. o t h e r s t u d i e s have shown t h a t major f e e d i n g s i t e s 
f o r b l a c k - h e a d e d g u l l s a r e f i e l d s , sewage o u t f a l l s and 
l i t t o r a l i n s h o r e a r e a s , w i t h t i p s b e i n g r e l a t i v e l y 
u n i m p o r t a n t (Vernon, 1972/ Mudge & F e r n s , 1 9 8 2 ) . The 
i n c r e a s e d numbers of t h i s s p e c i e s a t t i p s when winds a r e 
o n s h o r e may be due t o a r e d u c t i o n i n t h e a v a i l a b i l i t y of 
l i t t o r a l f e e d i n g a r e a s . The t i d a l c y c l e , w h i c h was n o t 
c o n s i d e r e d m t h e a n a l y s i s , i s a l s o l i k e l y t o be i m p o r t a n t . 
D i f f e r e n c e s between t i p s i n f l u e n c e d b l a c k - h e a d e d g u l l and 
g r e a t b l a c k - b a c k e d g u l l numbers but n o t t h o s e of h e r r i n g 
g u l l s . Horton e t a l . ( 1 9 8 3 ) , i n a s t u d y of g u l l s f e e d i n g a t 
some 20 t i p s i n SE E n g l a n d , found t h a t t h o s e t i p s w i t h 
b u l l d o z i n g regimes w h i c h l e f t a l a r g e a r e a of u n c o v e r e d 
r e f u s e were l i k e l y t o h ave a l o w e r r a t i o of s m a l l t o l a r g e 
g u l l s . No c l e a r p a t t e r n emerged from t h i s s t u d y a s r e g a r d s 
t i p p r e f e r e n c e s by d i f f e r e n t s p e c i e s b u t t h e w o r k i n g regime 
of t h e t i p i s an i m p o r t a n t f a c t o r . F o r h e r r i n g and g r e a t 
b l a c k - b a c k e d g u l l s , a l t h o u g h numbers may n o t change v e r y 
much from day t o day, s i g h t i n g s of c o l o u r r i n g e d 
i n d i v i d u a l s have i n d i c a t e d t h a t t h e r e i s a h i g h t u r n o v e r of 
i n d i v i d u a l s ( u n p u b l i s h e d d a t a ) . The a n a l y s i s h e r e i s 
r e s t r i c t e d t o t h e a v e r a g e b e h a v i o u r of t h e s p e c i e s or of 
m ales and f e m a l e s of e a c h r a c e of h e r r i n g g u l l , whereas i t 
i s c l e a r t h a t t h e r e may be a h i g h d e g r e e of i n d i v i d u a l 
v a r i a t i o n . 
F o r a g i n g a t a r e f u s e t i p c a n i n v o l v e a v a r i e t y of 
t e c h n i q u e s , and t h e t h r e e g u l l s p e c i e s i n v e s t i g a t e d made 
d i f f e r e n t c h o i c e s . D i s t u r b e d f e e d i n g r e q u i r e d a h i g h l e v e l 
of m a n o e u v r a b i l i t y a t low speeds, and t h i s f a v o u r e d t h e 
s m a l l e r s p e c i e s . Thus, p a r t i c i p a t i o n i n d i s t u r b e d f e e d i n g 
was r e l a t e d t o body s i z e , t h r o u g h i t s e f f e c t on wing 
l o a d i n g . S c a n d i n a v i a n h e r r i n g g u l l s t o ok p a r t i n l e s s 
d i s t u r b e d f e e d i n g t h a n B r i t i s h h e r r i n g g u l l s and t h e same 
s i z e - r e l a t e d p a t t e r n h a s been shown f o r male and f e m a l e 
h e r r i n g g u l l s ( G r e i g e t a l . , i n p r e s s ) . I n t h e p r e s e n t 
s t u d y , g r e a t b l a c k - b a c k e d g u l l s v e r y r a r e l y p a r t i c i p a t e d i n 
d i s t u r b e d f e e d i n g , t h e i r h i g h e r wing l o a d i n g a p p a r e n t l y 
making t h i s t y p e o f f e e d i n g u n p r o f i t a b l e . Comparisons 
between s p e c i e s can, i n t h i s way, i n d i c a t e t h e l i m i t s w h i c h 
p h y s i c a l c o n s t r a i n t s s u c h a s body s i z e p l a c e on f o r a g i n g 
b e h a v i o u r . 
C l e a r l y t h e p r o b a b i l i t y of o b t a i n i n g food i s an 
i m p o r t a n t f a c t o r i n f o r a g i n g d e c i s i o n s . H e r r i n g g u l l s were 
found t o have e q u a l f o r a g i n g s u c c e s s m d i s t u r b e d and 
u n d i s t u r b e d p r i m a r y f e e d i n g , but food g a i n i n d i s t u r b e d 
f e e d i n g was more v a r i a b l e . T h e i r d e m o n s t r a t e d p r e f e r e n c e 
f o r u n d i s t u r b e d f e e d i n g s u g g e s t s t h a t h e r r i n g g u l l s c o u l d be 
making a s s e s s m e n t s of t h e p r o b a b i l i t y of o b t a i n i n g f o o d i n 
a d d i t i o n t o a s s e s s i n g t h e a v e r a g e food g a i n from d i f f e r e n t 
f e e d i n g s i t u a t i o n s . T h e r e i s e x p e r i m e n t a l s u p p o r t f o r r i s k 
s e n s i t i v e f o r a g i n g , p a r t i c u l a r l y i n s i t u a t i o n s where food 
g a i n i s e x t r e m e l y v a r i a b l e , so t h a t m i n i m i s i n g u n c e r t a i n t y 
i s c r u c i a l t o a s s u r e r e p r o d u c t i o n and s u r v i v a l ( C a r a c o e t 
a l . , 1 9 8 0 ) . A f u r t h e r d i s a d v a n t a g e o f d i s t u r b e d f e e d i n g f o r 
g u l l s may be t h a t i t i s e n e r g e t i c a l l y more c o s t l y , due t o 
t h e i n c r e a s e d t i m e s p e n t h o v e r i n g . 
C o m p e t i t i v e a b i l i t y i s d i r e c t l y r e l a t e d t o body s i z e . 
I n u n d i s t u r b e d f e e d i n g k l e p t o p a r a s i t i s m was f r e q u e n t , and 
was most o f t e n and most e f f e c t i v e l y u s e d by t h e l a r g e s t 
s p e c i e s , t h e g r e a t b l a c k - b a c k e d g u l l . S c a n d i n a v i a n h e r r i n g 
g u l l s and B r i t i s h male h e r r i n g g u l l s u s e d k l e p t o p a r a s i t i s m 
t o a l e s s e r e x t e n t , whereas f e m a l e h e r r i n g g u l l s o b t a i n e d 
95% of t h e i r food by independent f o r a g i n g . B l a c k - h e a d e d 
g u l l s were v e r y r a p i d l y e x c l u d e d from c o m p e t i t i v e f e e d i n g by 
t h e l a r g e r g u l l s p e c i e s , p r o b a b l y a s a r e s u l t of a v o i d a n c e 
r a t h e r t h a n d i r e c t c o m p e t i t i o n . Although S c a n d i n a v i a n 
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h e r r i n g g u l l s were shown t o be c o m p e t i t i v e l y s u p e r i o r t o 
B r i t i s h h e r r i n g g u l l s i n i n t r a s p e c i f i c i n t e r a c t i o n s , t h e y 
were more l i k e l y t o be a t t a c k e d by g r e a t b l a c k - b a c k e d g u l l s 
( F i g . 4.4). I t i s s u g g e s t e d t h a t t h e a t t a c k i n g s t r a t e g y of 
g r e a t b l a c k - b a c k e d g u l l s , , i . e . p r e f e r e n t i a l a t t a c k i n g of 
t h o s e b i r d s c l o s e s t t o t h e i r own body s i z e , p r e v e n t s 
S c a n d i n a v i a n h e r r i n g g u l l s from a c h i e v i n g a h i g h e r f e e d i n g 
s u c c e s s t h a n t h e i r B r i t i s h c o u n t e r p a r t s . The o p t i o n of 
c o m p e n s a t i n g by i n c r e a s e d u s e of d i s t u r b e d f e e d i n g , a s 
d e s c r i b e d f o r t h e f e m a l e B r i t i s h h e r r i n g g u l l ( G r e i g e t a l . , 
i n p r e s s ) , was n o t c h o s e n by S c a n d i n a v i a n g u l l s , ( i n f a c t 
t h e i r p a r t i c i p a t i o n i n d i s t u r b e d f e e d i n g was l e s s t h a n t h a t 
o f B r i t i s h h e r r i n g g u l l s ) , p r o b a b l y b e c a u s e t h e i r l a r g e r 
body s i z e made such f e e d i n g l e s s p r o f i t a b l e . The g r e a t 
b l a c k - b a c k e d g u l l s w h i c h w i n t e r i n n o r t h e a s t E n g l a n d a r e 
known to b r e e d i n S c a n d i n a v i a ( C o u l s o n e t a l . , 1 9 8 4 a ) . Thus 
th r o u g h o u t t h e y e a r t h e s e g r e a t b l a c k - b a c k e d g u l l s r e m a i n i n 
c l o s e c o n t a c t w i t h t h o s e h e r r i n g g u l l s most l i k e l y t o be 
t h e i r n e a r e s t c o m p e t i t o r s , i . e . t h e S c a n d i n a v i a n h e r r i n g 
g u l l s . A s t u d y of t h e f e e d i n g r e l a t i o n s h i p s of h e r r i n g and 
g r e a t b l a c k - b a c k e d g u l l s i n S c a n d i n a v i a , where g r e a t e r 
o v e r l a p i n s i z e may i n t e n s i f y i n t e r s p e c i f i c c o m p e t i t i o n , 
might improve our u n d e r s t a n d i n g of t h e s e l e c t i o n p r e s s u r e s 
a c t i n g on t h e two s p e c i e s t h r o u g h o u t t h e y e a r . 
The s i z e r e l a t e d t r e n d s i n a g g r e s s i o n , k l e p t o p a r a s i t i s m 
and f r e q u e n c y of b e i n g a t t a c k e d by g r e a t b l a c k - b a c k e d g u l l s 
were a l s o p r e s e n t w i t h i n t h e group of B r i t i s h male h e r r i n g 
g u l l s s t u d i e d . The most s u c c e s s f u l males were t h o s e t h a t 
were b o t h b i g and o l d , and t h i s i n d i c a t e s t h a t e x p e r i e n c e 
may c o n t i n u e t o p l a y a p a r t m d e t e r m i n i n g f o r a g i n g s u c c e s s 
i n a d u l t h e r r i n g g u l l s . The l a c k of s i m i l a r s i z e - r e l a t e d 
t r e n d s , w i t h i n t h e group of f e m a l e h e r r i n g g u l l s s t u d i e d , i s 
a r e f l e c t i o n of t h e i r l e s s c o m p e t i t i v e f o r a g i n g s t r a t e g y . 
The f e e d i n g s t r a t e g i e s w h i c h g r e a t b l a c k - b a c k e d , 
h e r r i n g and b l a c k - h e a d e d g u l l s adopt a t r e f u s e t i p s a r e 
r e l a t e d t o c o n s t r a i n t s p l a c e d on m a n o e u v r a b i l i t y and 
c o m p e t i t i v e a b i l i t y by d i f f e r e n c e s i n body s i z e . 
D i f f e r e n c e s between b i r d s i n a g g r e s s i v e n e s s and c o m p e t i t i v e 
a b i l i t y mean t h a t t h e f e e d i n g s t r a t e g y and f e e d i n g s u c c e s s 
of an i n d i v i d u a l depends not o n l y on i t s own c o m p e t i t i v e 
a b i l i t y but a l s o on t h e c o m p o s i t i o n of t h e f e e d i n g f l o c k . A 
more d e t a i l e d a n a l y s i s of t h e e f f e c t of f l o c k c o m p o s i t i o n on 
c o m p e t i t i v e i n t e r a c t i o n s i s p r e s e n t e d i n a s u b s e q u e n t paper. 
I n o r d e r t o u n d e r s t a n d t h e f e e d i n g e c o l o g y of t h e s e t h r e e 
g u l l s p e c i e s and, i n p a r t i c u l a r , t h e r o l e t h a t r e f u s e t i p s 
might p l a y i n i m p r o v i n g o v e r w i n t e r s u r v i v a l , more 
i n f o r m a t i o n i s needed on t h e b e h a v i o u r of g u l l s a t o t h e r 
f e e d i n g s i t e s d u r i n g t h e w i n t e r months. 
5. K L E P T O P A R A S I T I S M I N HERRING AND GREAT BLACK-BACKED G U L L S 
5.1 I n t r o d u c t i o n 
K l e p t o p a r a s i t i c b e h a v i o u r i s w i d e s p r e a d among b i r d s a n d 
m o s t f r e q u e n t l y o c c u r s w h e r e f e e d i n g i s i n l a r g e f l o c k s , a t 
a c o n c e n t r a t e d f o o d s u p p l y a n d o f t e n w h e r e l a r g e , v i s i b l e 
f o o d i t e m s a r e i n v o l v e d ( B r o c k m a n n & B a r n a r d , 1 9 7 9 ) . 
A l t h o u g h t h e t e r m k l e p t o p a r a s i t i s m w a s o r i g i n a l l y i n t r o d u c e d 
t o d e s c r i b e i n t e r s p e c i f i c f o o d s t e a l i n g ( R o t h s c h i l d & C l a y , 
195 2) , B r o c k m a n n & B a r n a r d ( 1 9 7 9 ) h a v e s u g g e s t e d t h a t t h e r e 
i s no f u n d a m e n t a l d i s t i n c t i o n b e t w e e n i n t r a - a n d i n t e r -
s p e c i f i c k l e p t o p a r a s i t i s m , a n d t h a t b o t h may a r i s e t h r o u g h 
i n d i v i d u a l s s p e c i a l i s i n g i n u s i n g t h e f e e d i n g i n f o r m a t i o n 
a f f o r d e d b y f l o c k i n g . T h e r e a r e many e x a m p l e s o f s p e c i e s 
w h i c h s p e c i a l i s e i n i n t e r s p e c i f i c k l e p t o p a r a s i t i s m ( f o r a 
c o m p r e h e n s i v e r e v i e w , s e e B r o c k m a n n & B a r n a r d , 1 9 7 9 ) , b u t 
e x a m p l e s o f i n d i v i d u a l s s p e c i a l i s i n g i n i n t r a s p e c i f i c f o o d -
s t e a l i n g a r e f e w e r b e c a u s e o f t h e n e e d t o h a v e u n i q u e l y 
m a r k e d a n i m a l s . G o s s - C u s t a r d ( 1 9 8 2 ) d e s c r i b e d t h e b e h a v i o u r 
o f c e r t a i n i n d i v i d u a l s w i t h i n a f l o c k o f o y s t e r c a t c h e r s , 
H a e m a t o p u s o s t r a l e g u s , w h i c h s p e c i a l i s e d m o b t a i n i n g f o o d 
b y r o b b i n g o t h e r s a n d w h i c h w e r e a b l e t o a c h i e v e a h i g h e r 
f e e d i n g r a t e b y t h i s b e h a v i o u r . S i m i l a r b e h a v i o u r h a s 
b e e n d e s c r i b e d f o r m a l e h e r r i n g g u l l s , L a r u s a r g e n t a t u s , 
( G r e i g e t a l . , i n p r e s s ) w h i c h , t h r o u g h h i g h e r a t t a c k i n g 
r a t e s , o b t a i n e d a g r e a t e r p r o p o r t i o n o f f o o d f r o m 
i n t r a s p e c i f I C i n t e r a c t i o n s t h a n d i d f e m a l e h e r r i n g g u l l s . 
B a r n a r d & S i b l y ( 1 9 8 1 ) d i s t i n g u i s h e d two f o r a g i n g s t r a t e g i e s 
i n f l o c k s o f c a p t i v e h o u s e s p a r r o w s . P a s s e r d o m e a t i c u s , 
w h i c h w e r e u s e d c o n s i s t e n t l y b y d i f f e r e n t i n d i v i d u a l s ; 
c o p i e r s o b t a i n e d m o s t o f t h e i r f o o d b y i n t e r a c t i o n w h e r e a s 
s e a r c h e r s f o u n d m o s t o f t h e i r f o o d b y a c t i v e l y f o r a g i n g . 
T h e e f f i c i e n c y o f a k l e p t o p a r a s i t i c s t r a t e g y w i l l d e p e n d on 
how s e l e c t i v e t h e p a r a s i t e i s i n c h o o s i n g i t s v i c t i m s . F o r 
e x a m p l e , a r c t i c s k u a s , S t e r c o r a n u s p a r a s i t i c u s , p r e f e r -
e n t i a l l y a t t a c k t h o s e p u f f i n s w h i c h a r e c a r r y i n g l a r g e , 
s i n g l e f i s h ( A r n a s o n & G r a n t , 1 9 7 8 ) . A n o t h e r f a c t o r w h i c h 
may a f f e c t t h e s u c c e s s o f a k l e p t o p a r a s i t i c s t r a t e g y i s t h e 
r e l a t i v e f r e q u e n c y o f k l e p t o p a r a s i t e s i n t h e p o p u l a t i o n . 
A l t h o u g h f r e q u e n c y - d e p e n d e n t s e l e c t i o n f o r k l e p t o p a r a s i t i c 
b e h a v i o u r may b e p r e d i c t e d on t h e o r e t i c a l g r o u n d s , o b t a i n i n g 
d a t a t o t e s t s u c h a t h e o r y i s d i f f i c u l t s i n c e r e l a t i v e 
s u c c e s s o f k l e p t o p a r a s i t i s m h a s t o b e m e a s u r e d a t d i f f e r e n t 
f r e q u e n c i e s . 
" T h i s s t u d y e x a m i n e s k l e p t o p a r a s i t i s m b y h e r r i n g a n d 
g r e a t b l a c k - b a c k e d g u l l s , L . m a r i n u s , f e e d i n g i n m i x e d 
f l o c k s a t r e f u s e t i p s . U s e was made o f a l a r g e number o f 
u n i q u e l y m a r k e d h e r r i n g g u l l s , c o l o u r - r i n g e d a s p a r t o f a 
l a r g e r s t u d y o f t h e i r w i n t e r ecology. D u r i n g t h e 
w i n t e r i n n o r t h e a s t E n g l a n d , b o t h B r i t i s h h e r r i n g g u l l s ( L . 
a r g e n t a t u s a r g e n t e u s ) a n d S c a n d i n a v i a n h e r r i n g g u l l s ( L . 
a r g e n t a t u s a r g e n t a t u s ) f e e d a t t i p s , w i t h S c a n d i n a v i a n b i r d s 
f o r m i n g up t o 3 0 % o f t h e f e e d i n g f l o c k i n D e c e m b e r a n d 
J a n u a r y ( C o u l s o n e t a l , , 1 9 8 4 a ) . T h e r a c e a n d s e x o f t h e s e 
c o l o u r - r i n g e d h e r r i n g g u l l s c a n b e i d e n t i f i e d u s i n g 
b i o m e t r i c s a n d d i f f e r e n c e s i n m a n t l e s h a d e ( C o u l s o n e t aJL. , 
1 9 8 4 a ) . B o t h a g g r e s s i o n a n d t h e e x t e n t t o w h i c h f o o d i s 
o b t a i n e d b y k l e p t o p a r a s i t i s m i s c o r r e l a t e d w i t h b o d y s ; z e 
( s e e C h a p t e r 4 ) . A t t a c k s a r e n o t made a t random. H e r r i n g 
g u l l s v e r y r a r e l y a t t a c k g r e a t b l a c k - b a c k e d g u l l s a n d l a r g e 
h e r r i n g g u l l s , i . e . t h o s e o f S c a n d i n a v i a n o r i g i n a n d B r i t i s h 
m a l e s , a r e more l i k e l y t o b e a t t a c k e d b y g r e a t b l a c k - b a c k e d 
g u l l s t h a n a r e s m a l l e r h e r r i n g g u l l s . I n t r a s p e c i f i c h e r r i n g 
g u l l e n c o u n t e r s w e r e more o f t e n m a l e s a t t a c k i n g f e m a l e s a n d 
S c a n d i n a v i a n h e r r i n g g u l l s , a t t a c k i n g B r i t i s h h e r r i n g g u l l s 
t h a n v i c e v e r s a ( s e e C h a p t e r 4 ) . I m m a t u r e h e r r i n g g u l l s a r e 
more a g g r e s s i v e t h a n a d u l t s a n d r e l y more h e a v i l y on 
k l e p t o p a r a s i t i s m a s a means o f s u p p l e m e n t i n g t h e i r l e s s 
s u c c e s s f u l f o r a g i n g e f f o r t s ( G r e i g e t a l . , 1 9 8 3 ) . 
T h e a i m s o f t h i s p a p e r a r e f i r s t l y , t o e x a m i n e t h e 
d e c i s i o n r u l e s w h i c h k l e p t o p a r a s i t i c g u l l s u s e i n t h e i r 
s e l e c t i o n o f o p p o n e n t s . S e c o n d l y , a c o m p a r i s o n o f t h e 
b e h a v i o u r o f a d u l t a n d i m m a t u r e h e r r i n g g u l l s i s u s e d t o 
l o o k a t w h e t h e r s u c c e s s f u l u s e o f k l e p t o p a r a s i t i s m d e p e n d s 
on e x p e r i e n c e . L a s t l y , t h e p o s s i b i l i t y o f f r e q u e n c y r e l a t e d 
e f f e c t s on k l e p t o p a r a s i t i s m a r e e x a m i n e d . S i n c e t h e n u m b e r s 
o f t h e two s p e c i e s w h i c h f e e d a t t i p s a r e v a r i a b l e , w i t h 
t h o s e o f g r e a t b l a c k - b a c k e d g u l l s b e i n g more v a r i a b l e t h a n 
t h o s e o f h e r r i n g g u l l s ( s e e C h a p t e r 4) , t h e e f f e c t o f 
c h a n g e s m f l o c k c o m p o s i t i o n on t h e b e h a v i o u r o f h e r r i n g a n d 
g r e a t b l a c k - b a c k e d g u l l s c o u l d b e i n v e s t i g a t e d . 
5.2 M e t h o d s 
D a t a w e r e c o l l e c t e d on t h e f e e d i n g b e h a v i o u r o f h e r r i n g 
a n d g r e a t b l a c k - b a c k e d g u l l s u s i n g c o l o u r v i d e o r e c o r d i n g s 
made a t f i v e r e f u s e t i p s i n t h e Durham a r e a . T h e r e c o r d i n g s 
w e r e made b e t w e e n O c t o b e r 1981 a n d F e b r u a r y 19B2 a n d b e t w e e n 
O c t o b e r 1 9 8 2 a n d F e b r u a r y 1 9 8 3 . T h e r e c o r d i n g s w e r e o f 
u n d i s t u r b e d p r i m a r y f e e d i n g o n l y ( s e e C h a p t e r 3: M e t h o d s ) . 
D a t a w e r e c o l l e c t e d f r o m i n d i v i d u a l l y c o l o u r - r i n g e d a d u l t 
h e r r i n g g u l l s , f o r w h i c h s e x a n d r a c e w a s d e t e r m i n e d f r o m 
t h e i r b i o m e t r i c s ( C o u l s o n e t a l . , 1 9 8 4 a ) . D a t a w e r e a l s o 
c o l l e c t e d f r o m random s a m p l e s o f u n m a r k e d a d u l t a n d i m m a t u r e 
h e r r i n g g u l l s a n d a d u l t g r e a t b l a c k - b a c k e d g u l l s . I m m a t u r e 
b i r d s w e r e a g e d b y p l u m a g e c h a r a c t e r i s t i c s . T h r o u g h o u t t h i s 
p a p e r , b i r d s i n t h e i r f i r s t , s e c o n d , t h i r d a n d f o u r t h y e a r s 
o f l i f e a r e r e f e r r e d t o a s f i r s t - , s e c o n d - , t h i r d - a n d 
f o u r t h - y e a r b i r d s r e s p e c t i v e l y . T h e t e r m i m m a t u r e i s u s e d 
t o r e f e r t o a l l t h e s e f o u r a g e g r o u p s c o n s i d e r e d t o g e t h e r . 
O b s e r v a t i o n p e r i o d s w e r e d i v i d e d i n t o 1 5 - s u n i t s a n d t h e 
f o l l o w i n g d a t a w e r e r e c o r d e d f o r e a c h b i r d i n e a c h 1 5 - s 
u n i t : ( a ) number o f f o o d i t e m s s w a l l o w e d , ( b ) number a n d 
n a t u r e o f e n c o u n t e r s w i t h o t h e r b i r d s i n c l u d i n g t h e s p e c i e s 
a n d a g e o f t h e o t h e r g u l l s , w h e t h e r t h e s u b j e c t i n i t i a t e d 
t h e a t t a c k o r was t h e r e c i p i e n t , w h i c h o f t h e b i r d s was 
f e e d i n g a t t h e t i m e o f t h e e n c o u n t e r a n d t h e o u t c o m e o f t h e 
e n c o u n t e r . T h e s t a t i s t i c a l m e t h o d s u s e d i n t h e a n a l y s i s o f 
t h e s e b e h a v i o u r a l d a t a f o l l o w e d t h o s e d e s c r i b e d b y G r e i g e t 
a l . ( i n p r e s s ) . C o u n t s w e r e a l s o made o n a d a i l y b a s i s o f 
76 
t h e number o f g r e a t b l a c k - b a c k e d a n d h e r r i n g g u l l s a t t h e 
t i p s a n d a l l s i g h t i n g s o f c o l o u r - r i n g e d i n d i v i d u a l s o f b o t h 
s p e c i e s w e r e r e c o r d e d . 
5.3 R e s u l t s 
b.3.1 K l e p t o p a r a s i t i s m 
when s u c c e s s i n a n a g g r e s s i v e e n c o u n t e r i s d e f i n e d a s 
t h e d i s p l a c e m e n t o f t h e o p p o n e n t , t h e g r e a t m a j o r i t y o f 
a t t a c k s made b y b o t h h e r r i n g a n d g r e a t b l a c k - b a c k e d g u l l s 
w e r e s u c c e s s f u l , w i t h g r e a t b l a c k - b a c k e d g u l l s b e i n g 
s i g n i f i c a n t l y more s u c c e s s f u l t h a n h e r r i n g g u l l s ( T a b l e 5.1). 
S u c h a d i s p l a c e m e n t i n v o l v e d a n a g g r e s s i v e d i s p l a y w h i c h w as 
o v e r a f e w s e c o n d s . E s c a l a t i o n s o f c o n t e s t s w e r e v e r y 
r a r e l y o b s e r v e d . T h i s s u g g e s t s t h a t t h e g r e a t m a j o r i t y o f 
e n c o u n t e r s w e r e a s y m m e t r i c a n d t h a t a t t a c k e r s w e r e g o o d a t 
a s s e s s i n g t h e c o m p e t i t i v e a b i l i t y o f t h e i r p o t e n t i a l v i c t i m s 
( M a y n a r d S m i t h & P a r k e r , 1 9 7 6 ) . T h e d i s t r i b u t i o n o f a t t a c k s 
made b y g r e a t b l a c k - b a c k e d g u l l s a g a i n s t c o n s p e c i f i c s a n d 
a g a i n s t h e r r i n g g u l l s , when c o m p a r e d w i t h t h e r e l a t i v e 
p r o p o r t i o n s o f t h e two s p e c i e s p r e s e n t , show t h a t g r e a t 
b l a c k - b a c k e d g u l l s a t t a c k e d s i g n i f i c a n t l y m o re c o n s p e c i f i c s 
t h a n e x p e c t e d , a s s u m i n g a t t a c k s w e r e made a t random w i t h 
r e s p e c t t o t h e s p e c i e s o f t h e o p p o n e n t ( T a b l e 5 .2). H e r r i n g 
g u l l s v e r y r a r e l y a t t a c k e d g r e a t b l a c k - b a c k e d g u l l s , a n d i n 
6 o u t o f t h e 7 i n s t a n c e s when s u c h a n a t t a c k w a s made, t h e 
h e r r i n g g u l l w a s u n s u c c e s s f u l i n d i s p l a c i n g t h e g r e a t b l a c k -
Table 5.1 Proportion of a t t a c k s which were s u c c e s s f u l i n terms of 
d i s p l a c i n g the opponent, considered f o r h e r r i n g g u l l s and 
gre a t black-backed g u l l s . 
A ttacker No. a t t a c k s 
won 
No. a t t a c k s 
l o s t 
% won 
Great black-backed g u l l 
Herring g u l l 
x\ = 19.0, p < 0.001 
329 
296 
4 
29 
99 
91 
Table 5.2 Number of a t t a c k s made by gr e a t black-backed g u l l s a g a i n s t 
c o n s p e c i f i c s and a g a i n s t h e r r i n g g u l l s , compared with expected 
numbers assuming a t t a c k s were made a t random with r e s p e c t to 
the s p e c i e s of the opponent. The expected v a l u e s are c a l c u l a t e d 
from the average s p e c i e s composition a t a t i p , of 8 % gr e a t 
black-backed g u l l s . 
No. a t t a c k s 
a g a i n s t 
h e r r i n g g u l l s 
No. a t t a c k s 
a g a i n s t great 
black-backed g u l l s 
% a t t a c k s 
a g a i n s t 
c o n s p e c i f i c s 
Observed 
Expected 
148 
166 
32 
14 
18 
8 
Comparing observed and expected v a l u e s ; x] = 25.1, p < 0.001 
b a c k e d g u l l . T h u s , m o s t h e r r i n g g u l l s w e r e a b l e t o 
r e c o g n i s e g r e a t b l a c k - b a c k e d g u l l s a s u n p r o f i t a b l e 
o p p o n e n t s . i n i n t e r - s p e c i f i c e n c o u n t e r s l a r g e d i f f e r e n c e s 
i n b o d y s i z e a n d a p p e a r a n c e a c t a s c l e a r s i g n a l s o f 
c o m p e t i t i v e a b i l i t y . T h e d i f f e r e n c e i n b o d y s i z e b e t w e e n 
t h e s e x e s a n d r a c e s o f h e r r i n g g u l l may a c t a s a s i g n a l o f 
r e l a t i v e d o m i n a n c e s t a t u s , a n d t h u s g i v e r i s e t o t h e p a t t e r n 
o f m a l e s a t t a c k i n g f e m a l e s a n d S c a n d i n a v i a n h e r r i n g g u l l s 
a t t a c k i n g B r i t i s h h e r r i n g g u l l s . T h u s t h e d e c i s i o n a s t o 
who t o a t t a c k may i n v o l v e a n 1 a t t a c k o n l y i f y o u a r e l a r g e r 
t h a n t h e p o t e n t i a l v i c t i m ' r u l e . 
F e e d i n g r a t e s o f i n d i v i d u a l s o f b o t h s p e c i e s who made 
one o r more d i s p l a c e m e n t a t t a c k w e r e c o m p a r e d w i t h t h o s e o f 
i n d i v i d u a l s who w e r e n o t o b s e r v e d t o a t t a c k ( T a b l e 5 . 3 ) . F o r 
a d u l t h e r r i n g g u l l s o n l y , t h e s e x e s a n d r a c e s a r e c o n s i d e r e d 
s e p a r a t e l y . F o r a d u l t B r i t i s h m a l e h e r r i n g g u l l s a n d 
h e r r i n g g u l l s m t h e i r t h i r d o r f o u r t h y e a r , a g g r e s s i o n was 
a s u c c e s s f u l way o f o b t a i n i n g f o o d ( T a b l e 5 . 3 ) . G r e a t b l a c k -
b a c k e d g u l l , a d u l t B r i t i s h f e m a l e h e r r i n g g u l l s a n d 
S c a n d i n a v i a n h e r r i n g g u l l s o f b o t h s e x e s d i d n o t i m p r o v e 
t h e i r f e e d i n g r a t e s b y a t t a c k i n g ( T a b l e 5.3) . i n c o n t r a s t 
a g g r e s s i v e h e r r i n g g u l l s i n t h e i r f i r s t a n d s e c o n d y e a r o f 
l i f e h a d s i g n i f i c a n t l y l o w e r f e e d i n g r a t e s t h a n t h o s e who 
d i d n o t a t t a c k ( T a b l e s . 3 ) . T h e p r o p o r t i o n o f a t t a c k s w h i c h 
l e d t o f o o d g a i n was a p p r o x i m a t e l y a t h i r d f o r a d u l t m a l e 
a n d f e m a l e h e m n g g u l l s o f b o t h r a c e s a n d f o r g r e a t b l a c k -
b a c k e d g u l l s ( T a b l e 5.4) . I m m a t u r e h e r r i n g g u l l s h a d a 
c 
H 
X cfl 
co co 
co 
X) - O 
CO 
ta
c
k
s
 O 
cm 
Cfl 
-p ta
c
k
s
 
<w 
O 
•P 
e
n
 
a
t 
CO a
t 
C 
fe
 H 
X I tw 10 
H <D 
X) i-l 
(M 0 0 C\J 
C\J 
co 
CO 
o 
LO 
CM 
co 
o 
3 
CO 
to c 
H 
<D 
x : 
u 
o <H 
X) 
CO 
U 
<U 
X> 
CO 
O 
cfl 
-p 
-p 
cfl 
O 2 
(0 
CO 
X) 
O 
O 
CH 
O 
•P 
DO 
C 
•H 
XI 
CO 
CO 
cn CO o 
CD 
c • 
o CO 
o r-l 
rH c 3 
H CO 
cfl 
co • a 
Q) •a 
o o 
o cd 
CM XI 
1 
o 1 
-p o 
CO 
X) r-l 
0) XI »—i -p 
x : co 
o 0) 
H [-. 
X! CO 
-p 
(0 rH 
3 
o •o 
co cfl 
•p 
•p In 
CO O 
CM 
o - a 
(-> c Cfl 
o 
H CD 
-p o 
M CO 
o u a o T) u c 
(X CO 
IT) 
X I 
CO 
H 
ID 
XI 
CO 
E 
to 
o 
CO 
•p 
•p 
co 
if) 
o 
CD 
CO 
O) C\J CD IT) 
0 0 
CO 
rH 
Cfl rH 
i-H 3 
i-H CO 
CO 3 
rH CO CO 
CO rH c 
rH 3 CO •H 
co 10 rH CO c u CO 
i-i rH 3 •rH u rH rH rH co CO M CO rH 
3 c M X 3 
CO to CO •H CD CO c (-, XI CO 
CO CO •H (H rH X) c c H CD ci> as CO 
H •rH (H X i-H E 
M M 0) CO CO o 
f-. W x : 0) E <H CO 
0) CD rH X) 
x : x ; a> CO C C 1 
rH E cfl cfl 
t . M CO a> H H o 
3 CO E <M > > CO a) CD CO CO rH 
>> >> x ; X c c XI 
CO CO rH •H 
XI x H rH x> X5 •p 
c -p •P -P g C CO 
C\] H H S CO CO 
M w o o u •o 
f— 
XJ 
r— . 
CQ CQ CO CO 
§ s -P -P •p •p •p 
rH rH rH rH rH 
•p X) 3 3 3 3 3 
CO X) X) X I X) 
rH co < < < < < 
CD 
O 
e 
u 
o 
CD q o 
<D •o 
(0 
E 
x : 
o 
rH 
x : 
3 
3 
GO 
TD 
CD 
O 
(0 
X ) 
I 
O 
to 
0 0 
c 
H 
C-. 
u 
CD 
x : 
o 
10 
CD 
•p 
co 
t. 
OB 
c 
H 
o 
n3 
3 
(0 
C 
(0 
CP s 
co 
I D 
X 3 
co 
CD 
CD 
• H 
O 
(1) 
a 
10 
x . 
-p o 
XI 
CH o 
co 
3 
T3 
C 
o 
co 
CD 
- P 
CO 
U 
oo q 
X) 
CD 
u 
CO 
a , 
e 
o 
o 
cn 
X 
o 
(0 
-p 
-p 
co 
-p 
c 
CD 
£ 
CD 
O 
CO 
rH 
a 
en 
H 
X 
O 
CO 
+-> 
•p 
co 
-p 
o 
c 
T 3 
H T3 
x : 
o 
rH 
x ; 
3 
rH i n • • 
o o CO CO 
a • • • • 
o o c c 
V V 
CO CO CO 
q c q 
CD CD CD CD 
CD co CO O 
-p • • • • 
CO rH rH 
to C\J CD CO 
CM CM CD i n 
CD l< W O O o o O o o 
4-> CD CO 
CO X O O o o O o o 
U O 
CO 
GO - P 
C - P O CD o CD CM CD rH H CO q CM CO CD CD 0 0 ro 
3 1 rH o rH rH rH rH CM 
O C <D 
r H O E o o o O O O o 
rH C 
CO 
3 <H 
t/1 o CM rH CD CO ro co 
C rH rH i> 
ro CM CM ro 
r-H 3 ro IN l> CO ro CD 
XI O rH ro CD o 
r H CD W o O o O o rH O 
-p r H - P 0 0 
co CO CO U o O o O o o O 
CD 3 U CD 
!H (0 X 
bO OO o 
C q CO i n rH CD CD i n CD 
TO CO rH •p q ro CO i n CD o CM O 
q CD 3 +-> CO o rH CO rH rH CM oo 
cfl e O CO CD 
r H e o O o O o O o 
CO CD rH CH 
rH XI CO O 
i-H - P 3 
3 C/5 CD i n o C- ro CM f -
0 0 
th
 
c CD 
ro 
CD 
rH 
i n 
rH 
cn i n CM m 
m 
rH 
rH 
rH 3 
rH 0 0 
3 
rH OO 0 0 
rH q rH 3 OO rH 
rH DO q l-l rH rH 3 H S-i rH 
rH rH 0 0 OO CD rH 
3 3 q u x ; 3 GO 0 0 OO rH CD OO q U x ; CD 
0 0 OO rH U rH -o 
q q rH CD CD CO CD •tH •H U x ; rH E X 
u u CD CO CD O 
u u x ; CD E CO 
CD CD rH XI 
x ; X CD co q q 1 rH E a) S X 
u (H CO CD H H o 
m CO £ <H > > CO 
0) CD co (0 rH 
>> >> sz X q q XI 
co CO •H rH 
x ; •H rH n T ) -p 
q -p -p • P q q CO 
CM •rH H CO CO CD 
(H o o fn 
T 3 • a CQ CO 0 0 in O 
• P - P -p - P • P 
rH rH rH rH rH 
- P 3 3 3 3 3 
CO •o XI TD • a 
rH ro < < < < < 
s i g n i f i c a n t l y l o w e r a t t a c k s u c c e s s o f 1 4 % a s c o m p a r e d w i t h 
3 9 % f o r a d u l t h e r r i n g g u l l s (xf = 1 2.2, p < O.OOl) . 
T h e r e f o r e , d e s p i t e s u c c e s s i n d i s p l a c e m e n t i n o v e r 9 0 % o f 
c a s e s , t h e a t t a c k i n g b i r d o n l y a c h i e v e d f o o d g a i n f r o m o n e 
a t t a c k i n t h r e e , a n d o n e a t t a c k i n s i x i n t h e c a s e o f 
h e r r i n g g u l l s m t h e i r f i r s t a n d s e c o n d y e a r s . T h i s r a i s e s 
t h e q u e s t i o n "does t h e a t t a c k i n g b i r d make a n a s s e s s m e n t o f 
t h e p r o f i t a b i l i t y o f a n a t t a c k , a n d i f s o w h a t c r i t e r i a d o e s 
i t u s e ? ' . Two f a c t o r s , w h i c h m i g h t i n f l u e n c e t h e f r e q u e n c y 
w i t h w h i c h i n d i v i d u a l s w e r e a t t a c k e d , w e r e i n v e s t i g a t e d ; a ) 
p r i o r s w a l l o w i n g b y • v i c t i m ' , b ) p r i o r a t t a c k i n g b y 
' v i c t i m ' . i t w a s t h o u g h t t h a t s w a l l o w i n g a f o o d i t e m m i g h t 
a t t r a c t a t t a c k s f r o m n e i g h b o u r i n g g u l l s , w h e r e a s a t t a c k i n g 
c o u l d b e a s i g n a l o f d o m i n a n c e a n d a s s u c h d e t e r a t t a c k s b y 
n e i g h b o u r i n g g u l l s . T h e p r o p o r t i o n o f v i c t i m s w h i c h made a t 
l e a s t o n e a t t a c k o r s w a l l o w e d a t l e a s t o n e f o o d i t e m i n t h e 
30s" p r i o r t o b e i n g a t t a c k e d w a s c o m p a r e d w i t h a n e x p e c t e d 
v a l u e d e r i v e d f r o m t h e o b s e r v e d p r o p o r t i o n s o f b i r d s 
a t t a c k i n g o r s w a l l o w i n g w i t h i n a 1 5 s o b s e r v a t i o n p e r i o d . 
T h r e e t y p e s o f e n c o u n t e r w e r e e x a m i n e d : a ) g r e a t b l a c k -
b a c k e d g u l l a t t a c k s g r e a t b l a c k - b a c k e d g u l l , b ) g r e a t b l a c k -
b a c k e d g u l l a t t a c k s h e r r i n g g u l l , c ) h e r r i n g g u l l a t t a c k s 
h e r r i n g g u l l , t h e l a t t e r b e i n g d i v i d e d i n t o a d u l t - a d u l t , 
a d u l t - i m m a t u r e , a n d i m m a t u r e - i m m a t u r e e n c o u n t e r s . C on-
s p e c i f i c a t t a c k s i n g r e a t b l a c k - b a c k e d g u l l s w e r e a t r a n d o m 
w i t h r e s p e c t t o t h e p r i o r b e h a v i o u r o f t h e o b j e c t o f t h e 
a t t a c k ( T a b l e 5.5) . When g r e a t b l a c k - b a c k e d g u l l s a t t a c k e d 
rH o o 
a> • 
u o 
• . V o to (0 CO 
H • • • a 
<H c c c 
x : H r* •p c o 
H C O 
3 rH • 
o w i n 
E II QO o -p C •o 
• H c to 3 to 
o CM (M iH •H m 
rH td o O o o •H 
rH -p W • • • • to to X ) o o o o c 
3 H 
10 a> t-. •a E O 0) 0) c CM CO C M 0) 
- P 3 -p to CO rH - P o a) • • • • H 
- P (0 a> E o O o o TD O a to 
CP o X o a to w o co -p 0 0 CO !> o VH tu -p c cn cn to to u to o o C\J CM rH 
rH rH tM CM A \ si GO 
- P C 
oo H rH 
3 E C -— 
3 r- m CO H • » to w o o o o C E to (0 cn • • • • rH E 
rH to o o o o CO O 
rH -p (J 
3 X ) X 3 
M co tu o • CD > c; m CM 0 0 CM to •o tn to CO i n CM u CD rH CD d) • • • • o CD 
10 to E o o o o a 
O > X I to o o 
X I •a CO u 
1 CD c to to cn cn -p CD •p [> r~ + J Si o o CO O 
to CD to 
rH a rH H 
X I X X I 
CD AN (1) -p E E DO < to x : • CD CD — CD -p E •p •p C 
SH H •H H H H a 
M - P 
t « o -a X> CO 
>> X ) H o O E 0 
X I CD > 0 X O X <H o tw o CO CH CO 3 o to CO X ) o 
X a x : to rH -p rH •p r-I 
o E -p -p -p 
AN 
•p H u to O -p /* CO to X I CD -p o to tw •p o • a 0 0 rH M rH X ) to <D CD o C c O rH u x -p H H AV tO 
to 3 o 3 3 C X ) o o tO u o O W) O c 
10 rH - P o rH c rH C H tO 
(0 tu > - P H rH H rH H - P •p e 3 tO tO u (0 X CO X !-. CO •H rH x : a 3 CO a) O 
- P to CD (0 E CO E a . 0 o > X ) O (0 o x : o c c c C 4-> 
> X> u rH CO o o o o D, a) o 3 H H H H CO 
ttH > H o c •p - P • P -p CD H O u tj H H !H t-f u x : a> a > O O o o -p a to tt) X ) a a a a w 3 X I a; x : t. o o o o to o o si 0) H fi u u •H 
H •p CO X ) a . a, a . 0) 
> Q. to • o CD 
x : - P CD £ 
a> C 3 
X I rH •p CD o X I x : a 
o <u ID a> 3 
o to D. X X 
H •p to o o ry u •p <D CO to a •—-a. (0 U X I X I a i CO 1 (0 rH 1 X X o X X rH i 
u O rH u O 3 a i n tn tO CO <H tfl CO bO CM rH • <U rH - P H rH • P % — 
i n - P X I • P O X ) + J 0 0 II CM CO <u CO C CD 3 •p a -p H c II 
rH o (0 rH CO tO rH U CO 
X I o CD • H C 0) rH fn CD W to c (H 3 O 3 0) E 10 
E-i w O bO o o cm x : co X I 
h e r r i n g g u l l s , t h e i r v i c t i m s w e r e t h r e e and. a h a l f t i m e s 
m o re l i k e l y t o h a v e a t t a c k e d i n t h e 3 0 s b e f o r e t h e a t t a c k 
( T a b l e 5.5). F a r f r o m b e i n g d e t e r r e d b y a g g r e s s i o n , g r e a t 
b l a c k - b a c k e d g u l l s t h e r e f o r e s h o w e d a m a r k e d p o s i t i v e 
r e s p o n s e t o a g g r e s s i o n m h e r r i n g g u l l s . T h i s s e l e c t i o n o f 
a g g r e s s i v e b i r d s w o u l d e x p l a i n t h e s i g n i f i c a n t l y h i g h e r 
a t t a c k r a t e s a g a i n s t m a l e r a t h e r t h a n f e m a l e h e r r i n g g u l l s 
a n d t h e s i m i l a r s i z e ( a n d a g g r e s s i o n ) r e l a t e d t r e n d s i n t h e 
r a t e s a t w h i c h S c a n d i n a v i a n a n d B r i t i s h h e r r i n g g u l l s o f 
b o t h s e x e s a r e a t t a c k e d ( s e e C h a p t e r 4 ) . S i n c e g r e a t b l a c k -
b a c k e d g u l l s a r e d o m i n a n t t o h e r r i n g g u l l s , o n e m i g h t n o t 
e x p e c t t h e m t o b e i n t i m i d a t e d b y a g g r e s s i v e h e r r i n g g u l l s . 
H owever, c o n s p e c i f i c h e r r i n g g u l l e n c o u n t e r s s h o w e d a 
s i m i l a r p o s i t i v e r e s p o n s e b y a d u l t s t o a g g r e s s i o n when 
a t t a c k i n g o t h e r a d u l t h e r r i n g g u l l s a n d a g a i n no a p p a r e n t 
r e s p o n s e t o p r i o r s w a l l o w i n g on t h e p a r t o f a p o t e n t i a l 
v i c t i m ( T a b l e 5.6). T h i s r e s u l t i s m o r e s u r p r i s i n g , and, 
t o g e t h e r w i t h t h e e v i d e n c e f r o m g r e a t b l a c k - b a c k e d g u l l 
a t t a c k s , i n d i c a t e s t h a t a g g r e s s i o n a c t e d a s a c u e f o r 
a t t a c k . H e r r i n g g u l l s i n t h e i r t h i r d a n d f o u r t h y e a r s o f 
l i f e s h o w e d s i m i l a r t r e n d s t o t h o s e o f a d u l t s , w i t h a 
p o s i t i v e r e s p o n s e t o a g g r e s s i o n a n d n o t t o s w a l l o w i n g when 
a t t a c k i n g a d u l t s ( T a b l e 5.7). F i r s t a n d s e c o n d y e a r b i r d s h a d 
a s i g n i f i c a n t p o s i t i v e r e s p o n s e t o p r i o r s w a l l o w i n g b y 
a d u l t s a n d no r e s p o n s e t o a g g r e s s i o n ( T a b l e 5.8). A t t a c k s 
a g a i n s t i m m a t u r e h e r r i n g g u l l s w e r e a t r a n d o m w i t h r e s p e c t 
t o t h e i r p r i o r a t t a c k i n g o r s w a l l o w i n g r a t e s , f o r a l l 
• 0 
-p 
C 
H •P 
J * O 
o CD 
CO Q. 
-p W 
-p CD 
co In 
o -P 
H 
0 0 3 
c 
H E 
O 
O • a 
rH c 
1—1 IB m t, 3 
Cfl -p 
(0 
O 
-P CD 
CH 
4-> CD 
O 3 
CD 
O. 10 
CO 
CD CJ 
$-1 cfl 
•p 
XI -p 
-P CO 
H 
3 bO 
C 
•rH 
CO E 
3 
0 co 
CO CO 
•p Cfl 
-p 
CO (0 
CD 
rH 3 
«H rH 
3 Cfl 
bO > 
bO 
C CD 
rH •P 
U O 
u 0) 
CD a XI X 
CD 
-P • 
r-l x : E 
3 •p H 
T> rH •P 
CO 3 O 
H 
CM • a > O CD 
U CD e CO •r-l a -P •P E 
O 0 CH 
H 0 O 
> <D u 
U 3 
0 c3 O 
•H 
fn CO > 
3 CD co 
O 3 x : 
rH rH 01 
> CO XI CO > x : Ci 
CD O 
CD rH 
> U u rH a 
0 a) •H co i> 
M X) £. Cb 0 •P 
CO 
Lf) 
CD 
rH 
XI 
Cfl 
E-H 
CD 
O 
C 
CO 
O 
•rH 
CfH 
H c 
bO 
H 
X) 
CD 
-P 
U 
CD 
a 
X 
w 
C/5 
CD 
e 
•o 
CD 
> 
u 
CD 
10 
XI 
O 
CD 
e 
o 
cfl 
•p 
•p 
CO 
o 
-p 
(H 
o 
•rH 
rH 
a 
(0 o 
co 
c 
H 
> 
CO T> 
T3 
CD 
o 
CO 
-p 
• P 
CO 
CH 
O 
o 
x ; 
CD 
CQ 
U 
CD 
-P 
C 
3 
O 
O 
c 
u 
co 
c 
CM 
o 
0 0 
CD 
o 
i n 
in 
m 
e a) 
•p 
o 
o 
Cw 
A \ 
QO 
C 
rH 
3 
O 
cfl 
3 
CO 
C 
o 
•H 
-P 
u 
o a 
o 
(H 
a* 
o 
d 
V 
o 
CM 
CO 
II 
-P 
CM 
O 
l£> 
o 
i n 
ro 
i n 
i n 
X 
0 
cfl 
-P 
-P 
cfl 
A \ 
bO 
C 
•H 
^ 
Cfl 
e 
c 
o 
rH 
-P 
(H 
O a 
o 
u 
a. 
3 
bO 
OO -P 
C i-H rH 
•H 3 rH 
w "O 3 
(H co cm 
CD 
x ; 10 cm 
x c 
p o H 
rH CO (H 
3 -P 5H 
T> -P CD 
< co x ; 
(0 
c 
C \ J 
o 
0 0 
rH 
d 
o 
CM 
ro 
cD 
O 
O 
CM 
O 
e 
-p 
rH 
XI 
o 
o 
A \ 
CO 
C 
H 
3 
O 
CO 
3 
co 
c 
o 
H 
•p 
M 
O a 
o 
u 
a . 
u 
CD 
x : 
to 
c 
CM 
o 
0 5 
CM 
O 
CM CO 
r-
o 
CO 
CM 
o 
X 
o 
CO 
•p 
•p 
CO 
AN 
0 0 
c 
H 
.X 
CO 
E 
c 
o 
H 
p 
t-. 
o a 
o 
(H 
P L 
rH * 
3 <D 
0 0 M 
3 
bO -P 
C CO rH 
E rH 
E 3 
bO 
10 cm 
^ c 
-P O H 
rH CO w 
3 -P k 
X) -P CD 
< cfl x ; 
CO 
JH 
Cfl 
CD 
i n 
i n 
CD 
rH 
XI 
CO 
E-H 
CD 
CD 
10 
(0 
CD 
3 
rH 
CO 
> 
T 3 
CD 
-P 
O 
<D a 
X 
CD 
CM 
O 
C 
o 
H 
-P 
Cfl 
> 
u 
CD 
SH 
o 
CH 
cu • 
o CO 
C 
\j 
H 
10 CO CO 
CM rH • • 
c H c c 
H X C • 
3 • P D O rH 
O •H H II 
r-l 3 t/) - P 
r-l 
CO E 
3 O 
CO TD 
O m CM CM CM CM 
• P w w O O O O 
C O • • • • 
- P • P o o o o 
o CO CO 
cu TD 
a cu CU 
(0 u - P c a> ro oo o> 
cu cu O cfl CM rH rH CM 
M 3 cu cu » • • • 
a E o o o o x CO X 
-p X u 
H C J 
3 CO o o 
•p C CM CM 
-p a i en 0 0 C O 
CO CO iH rH 
rH 
rH DO 
3 C 
D O H 
D O 
fc: 
3 i n CD i n 
C CO W rH rH CM 
H CO co • • • i 
w cfl o o o 
M 
CU CO TD 
X cu cu 
3 > c o o o 
rH M c3 co «tf in (0 CO cu cu • • • 
cu > co E o o o o 
>> X i 
TD o 
CU 
• P •p C o o 
(H C J rH rH 
a CU 
o a 
CM X 
CU 
TD 
C X E E S •p 0) <u 
•H - P -p 
TD 3 H H 
M 
H TD E TD TD x 0) H o o 
•p - P O X O s C J X CM O CM X >> o . H o cfl C J 
XI E > CO rH - P rH CO i n 
O •p - P • P • 
CO o CU •p A \ Cfl A \ - P m 
X X co Cfl 
o <U - P TD 60 rH D O CD 
CO U CU o c C rH rH 
•p cfl CM X -p H A \ H A\ X 
-p O C J 3 3 CO 
CO CO CO u O D O O D O H 
cu U - P o rH C rH C 
<M 3 3 - P H rH H rH H cu 
o rH O Cfl u CO X cfl X cu 
CO H a 3 CO 3 cfl CO 
CO > > CM 10 E CO E £ CO O (0 -H •a X o C C c c CO 
-p CU <D U co O O o o cu 
o > X 3 H -H H H 3 
•H O c -p -p -p -p rH > cu M H H u u u u cfl 
CO O > 0 o o o > 
CM X H CO TD a a a a 
O o M X M o o o o TD 
a cu H u u (-, u CU 
M C Q X QH Q-, Cu - P 
3 • cu C J 
O X CU 
H c •p a > H X 
CO o rH cu 
X o -p rH 
cu CO u co U Cfl 3 CM X •p - P CO X CD ^ D O o 
•p o CU O rH CU C J 
M cfl cu > > CO rH >> cfl 60 c 
o a • P 3 - P C o 
H TD CO X - P D O X - P -H H 
M c cu H-> Cfl - P Cfl M -p 
a , cfl M U D O SH M cfl 
3 rH C 3 rH CU > 
O *-H H 0 rH X 10 H 
CM 3 M CM 3 M u 
U DO J-i D O * CO cu • CU w CU M CU cu TD 
i n - P O DO X O D O U >> c C C 3 u 
cu 3 TD -H - P TD H + J o 
rH O M t< rH U U CO 1 CM 
X2 o H w 3 H M £ rH 
CO c X CU TD x; <u S 
E-> w E - 1 X cd H X H * CO 
If) o 
O V 
C 
cfl a • • o to (0 to 
bO H » • • • 
c CH ro c c c 
H X H rH 
3 -P C • 
O rH bO C\J 
r-H 3 H II r-H [/> -p 
cfl E 
3 O (0 T! 
C o CO CM -p t-, CM t> CM 
w o o O O 
-p •P • • • • o CO o o o o 
CD CO 
a CD U CD CD CD •p C a ) ro co O) 
SH 3 o CO CM rH rH CM 
CD CD • • • • XI (0 a E o o o o •P X 
rH o w 
3 CO 
-P o o 
-P C CM CM 
CO CO CD O ) ro ro 
r-H rH <H 
r-H tiO 
3 c 
bO H 
i— 
bO 00 l> If) t -c CO w o o O O 
rH CO Cf) • • • • 
CO o o o o 
u 
CD (0 X) x: CD CD 
3 > c CM ro o 
SH rH 3 rH ro CO co CD CD • • • • 
CD > CO E o o o o 
>> X) o •a 0) c -P C CO CD t> o O ro ro 
o CD 
CD a CO X 
CD 
•o 
c JZ E E CO -P CD CD 
rH -P •P 
•p 3 H •H 
CO • 
(H T3 E •a X) H CD H o o 
<H U -P o X o X 
CO o <H o <IH o 
>5 a H O CO cfl XI E > CO rH -P rH -p o -p -P -p 
CO o CD -p A\ CO A CO x; CO 
o CD -p 73 (30 rH bO rH to SH CD o c c AN -p CO <4H ^ •p H A\ H •p o O 3 3 
CO CO CO u O bO O CO 
CD u -P o rH C rH C 
3 3 •P H rH H rH •H 
o rH o (0 u Cfl CO cfl H a 3 cfl 3 CO 
CO > > C H to E CO E E CO O to 
H TO x; o c c C C -P tt) 0) SH ro o o o o 
o > X) 3 H H H H H SH O c -P -P •P -P > CD •H H SH SH SH u co o > o o O 0 X) • H CO •o a a a a O o SH x: in o o o o a CD H u u SH u 
U 03 X) 0- OH Ou C H 3 • CD 
O 60 x; 
H c •p > H CO o rH X! O •p rH 
CD CO u to SH to 3 X! -p •p cfl X Cfl bfl 
-p o CD O rH CD O 
U CO 0) >, tfl rH >> CO bO 
O a •P 3 -P C H T3 CO T3 -P bO T3 •P H 
SH C <D C CO C Cfl SH a . S SH O bO o U 
O rH C o rH CD 
CD rH H CD rH X 
00 Cfl 3 SH CO 3 SH bO U bO * 
m 
CD SH <D SH CD •P O bO x; O bO U c C 3 CD 3 •P *H -P -P H P 
rH O 10 U rH to (H efl X) o SH U 3 SH (H E 
CO c H (D T3 H CD E H w I K X. Cfl [x, X! H 
to 
CO 
CD 
>i 
I 
ID 
If) 
CD 
r H 
XI 
CO 
CD 
CD 
CO 
CO 
CD 
3 
rH 
CO 
> 
CD 
P 
CJ 
CD 
D. 
X 
CD 
<H 
O 
C 
O 
H 
P 
Cfl 
> 
H 
CD •o 
(H 
o 
a t t a c k e r s i r r e s p e c t i v e o f a g e ( T a b l e s 5.6, 5.7 <k 5.8). T h u s , 
h e r r i n g g u l l s o f t h r e e y e a r s a n d o l d e r p r e f e r e n t i a l l y 
a t t a c k e d a d u l t s who h a d t h e m s e l v e s made a n a t t a c k w i t h i n t h e 
p r e v i o u s 30 s e c o n d s . I n c o n t r a s t , f i r s t a n d s e c o n d y e a r s 
p r e f e r e n t i a l l y a t t a c k e d a d u l t s who h a d s w a l l o w e d a f o o d i t e m 
w i t h i n t h e p r e v i o u s 30 s e c o n d s a n d t h e y d i d n o t u s e 
a t t a c k i n g by a d u l t s a s a c u e f o r a t t a c k . T h e b e h a v i o u r o f 
g r e a t b l a c k - b a c k e d g u l l s a n d o f h e r r i n g g u l l s o f 3 y e a r s a n d 
o l d e r was c o n s i s t e n t w i t h a n a t t a c k r u l e " a t t a c k o n l y i f y o u 
a r e b i g g e r t h a n t h e p o t e n t i a l v i c t i m , a t t a c k a g g r e s s i v e 
b i r d s p r e f e r e n t i a l l y ' . A g g r e s s i o n w a s t h e r e f o r e a s s o c i a t e d 
w i t h t h e p r e s e n c e o f f o o d , a n d t h i s r e s u l t e d i n o n e a t t a c k 
i n t h r e e l e a d i n g t o f o o d g a i n . T h e p o s s i b l e o r i g i n s o f s u c h 
d e c i s i o n r u l e s a r e d i s c u s s e d l a t e r . T h e r e s p o n s e o f 
i m m a t u r e g u l l s was t o , s w a l l o w i n g ( a n d n o t a t t a c k i n g ) b y 
p o t e n t i a l v i c t i m s , a n d t h i s w a s a l e s s s u c c e s s f u l s t r a t e g y 
r e s u l t i n g i n f o o d g a i n f r o m o n e a t t a c k i n s i x . S w a l l o w i n g 
c l e a r l y i s a s s o c i a t e d w i t h ' t h e p r e s e n c e o f f o o d , b u t m a k i n g 
a n a t t a c k a f t e r a p o t e n t i a l v i c t i m h a s s w a l l o w e d may b e t o o 
l a t e . A l s o , e v e n i f i m m a t u r e g u l l s do o b t a i n p r o f i t a b l e 
f e e d i n g p a t c h e s b y a t t a c k i n g , t h e y may b e u n a b l e t o e x t r a c t 
e d i b l e i t e m s f r o m t h e r e f u s e . T h e l a c k o f r e s p o n s e t o 
a g g r e s s i o n may b e d u e t o f i r s t a n d s e c o n d y e a r b i r d s b e i n g 
i n h i b i t e d f r o m a t t a c k i n g a g g r e s s i v e a d u l t s . T h e d i s t r i -
b u t i o n o f c o n s p e c i f i c h e r r i n g g u l l a t t a c k s , w i t h r e s p e c t t o 
t h e a g e s o f b o t h a t t a c k e r a n d a t t a c k e d , i n d i c a t e s t h a t 
y o u n g e r b i r d s a t t a c k e d p r o p o r t i o n a l l y l e s s a d u l t s t h a n d i d 
o l d e r h e r r i n g g u l l s (Table 5.9). 
5.3.2 Changes m t h e c o m p o s i t i o n o f t h e f e e d i n g f l o c k 
As t h e p r o p o r t i o n o f g r e a t b l a c k - b a c k e d g u l l s i n t h e 
f e e d i n g f l o c k changed, so d i d t h e f l o c k c o m p o s i t i o n w i t h 
r e s p e c t t o s e x - r a t i o s o f b o t h s p e c i e s and a l s o w i t h r e s p e c t 
t o t h e r e l a t i v e numbers o f B r i t i s h and Scandinavian h e r r i n g 
g u l l s p r e s e n t . Evidence f r o m s i g h t i n g s o f c o l o u r - r i n g e d 
b i r d s o f known sex i n d i c a t e d t h a t t h e s e x - r a t i o o f b o t h 
s p e c i e s was more male b i a s e d when t h e p r o p o r t i o n o f g r e a t 
b l a c k - b a c k e d g u l l s p r e s e n t was h i g h ( F i g . 5 . 1 ; T a b l e 5 . l 0 ) . 
Also t h e p r o p o r t i o n o f h e r r i n g g u l l s which were o f 
Scandinavian o r i g i n was p o s i t i v e l y c o r r e l a t e d w i t h t h e 
p r o p o r t i o n o f g r e a t b l a c k - b a c k e d g u l l s ( F i g . 5 . 1 ) . i n 
a d d i t i o n , t h e average b i l l d e p t h o f t h e male h e r r i n g g u l l s 
p r e s e n t when t h e p r o p o r t i o n o f g r e a t b l a c k - b a c k e d g u l l s was 
5% "or over was g r e a t e r t h a n t h a t when g r e a t b l a c k - b a c k e d 
g u l l s were few (Table 5.11) . There was no evidence o f a 
change i n t h e average head and b i l l l e n g t h . T h e r e f o r e t h e 
male h e r r i n g g u l l s p r e s e n t a t h i g h e r l e v e l s o f g r e a t b l a c k -
backed g u l l abundance were, on average, o l d e r . O v e r a l l , 
t h e r e was a s h i f t i n f l o c k c o m p o s i t i o n towards t h e l a r g e r 
(and i n t h e case o f t h e male h e r r i n g g u l l , o l d e r ) 
i n d i v i d u a l s o f b o t h s p e c i e s , when t h e p r o p o r t i o n o f g r e a t 
b l a c k - b a c k e d g u l l s was over 5%. These changes i n f l o c k 
c o m p o s i t i o n are summarised i n F i g u r e 5.2. 
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5.3.3 c o m p e t i t i v e i n t e r a c t i o n s between h e r r i n g and g r e a t b l a c k -
backed g u l l s 
i n view o f t h e k l e p t o p a r a s i t I C f e e d i n g s t r a t e g y used by 
g r e a t black-backed g u l l s and t o a l e s s e r e x t e n t by h e r r i n g 
g u l l s (depending on t h e i r r a c e and sex) , i t m i g h t be 
e x p e c t e d t h a t v a r i a b i l i t y i n t h e r e l a t i v e p r o p o r t i o n s o f t h e 
two s p e c i e s f e e d i n g t o g e t h e r would have an e f f e c t on t h e 
performance o f , or f e e d i n g s t r a t e g i e s used by i n d i v i d u a l s o f 
b o t h s p e c i e s , and f o r h e r r i n g g u l l s , o f b o t h races and b o t h 
sexes, Since t h e i n c i d e n c e o f c o m p e t i t i v e i n t e r a c t i q n s 
between g r e a t b l a c k - b a c k e d g u l l s and h e r r i n g g u l l s depends 
on t h e i r r e l a t i v e p r o p o r t i o n s , t h e percentage o f g r e a t 
b l a c k - b a c k e d g u l l s i n t h e f e e d i n g f l o c k was used t o d e f i n e 
t h r e e c a t e g o r i e s o f g r e a t b l a c k - b a c k e d g u l l abundance: a) 
h i g h (> 1 5 % ) , b) medium (5-15%) and c) low (< 5%) . The 
b e h a v i o u r of male and female B r i t i s h h e r r i n g g u l l s , and o f 
gre"at b l a c k - b a c k e d g u l l s under t h e s e d i f f e r e n t c o n d i t i o n s 
are d e s c r i b e d m t h e f o l l o w i n g s e c t i o n s . I t was n o t 
p o s s i b l e t o make a s i m i l a r comparison o f t h e two races o f 
h e r r i n g g u l l s due t o s m a l l sample s i z e s f o r t h e S c a n d i n a v i a n 
race. 
5.3.4 Great black-backed g u l l abundance and f e e d i n g b e h a v i o u r o f 
male and female a d u l t h e r r i n g g u l l s 
G r e i g e t a l . ( i n p r e s s ) d e s c r i b e d t h e changes i n t h e 
f e e d i n g b e h a v i o u r o f male and female a d u l t h e r r i n g g u l l s 
which t o o k p l a c e t h r o u g h o u t t h e course o f an u n d i s t u r b e d 
p r i m a r y f e e d i n g b o u t . I t i s necessary t o summarise t h e mam 
p o i n t s m or d e r t o g i v e a background t o t h e a n a l y s i s of t h e 
e f f e c t of v a r y i n g g r e a t b l a c k - b a c k e d g u l l abundance. 
Swallowing r a t e s o f t h e two sexes were comparable i n t h e 
f i r s t t e n minutes o f t h e f e e d i n g b o u t , b u t t h e r e a f t e r female 
s w a l l o w i n g r a t e d e c l i n e d s i g n i f i c a n t l y whereas t h a t o f males 
was s u s t a i n e d . The l a t e r stages of t h e f e e d i n g bout were 
a l s o c h a r a c t e r i s e d by i n c r e a s e d l e v e l s of a g g r e s s i o n i n 
males. Thus as t h e f e e d i n g bout p r o g r e s s e d , male dominance 
l e d t o a lower f e e d i n g performance i n females. 
Feeding r a t e s f o r male and female a d u l t h e r r i n g g u l l s 
under c o n d i t i o n s o f h i g h , medium and low g r e a t b l a c k - b a c k e d 
g u l l abundance, and d i v i d e d between t h e f i r s t t e n minutes of 
t h e f e e d i n g bout and l a t e r , a r e shown i n F i g u r e 5.3. The 
p r o p o r t i o n o f g r e a t b l a c k - b a c k e d g u l l s p r e s e n t exceeded 15% 
on o n l y f o u r days out o f t h e 33 on w h i c h o b s e r v a t i o n s were 
made. Consequently t h e sample o f c o l o u r - r i n g e d h e r r i n g 
g u l l s observed under t h e s e c o n d i t i o n s was r e l a t i v e l y s m a l l . 
When t h e p r o p o r t i o n o f g r e a t b l a c k - b a c k e d g u l l s p r e s e n t was 
h i g h , scramble c o m p e t i t i o n seemed t o o p e r a t e w i t h female 
h e r r i n g g u l l s h a v i n g a s l i g h t l y h i g h e r s w a l l o w i n g r a t e t h a n 
males (t=2.19, p < 0.05) and t h e encounter r a t e s , b o t h 
a t t a c k i n g and b e i n g a t t a c k e d , of t h e two sexes b e i n g 
s i m i l a r . Only 7% (n=60) o f o b s e r v a t i o n s on h e r r i n g g u l l s of 
b o t h sexes were r e c o r d e d a f t e r t e n minutes f r o m t h e s t a r t o f 
f e e d i n g . o f 23 f e e d i n g b o u t s , 74% l a s t e d f o r l o n g e r t h a n 
t e n m inutes and so t h i s l a c k of o b s e r v a t i o n s was n o t due t o 
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a l a c k o f l o n g e r f e e d i n g b o u t s , I t was more p r o b a b l y a 
r e s u l t of a marked d e c l i n e i n h e r r i n g g u l l numbers. That 
some h e r r i n g g u l l s were r e s p o n d i n g t o h i g h g r e a t b l a c k -
backed g u l l abundance by g i v i n g up and l e a v i n g t h e f e e d i n g 
area i s f u r t h e r s u p p o r t e d by sample c o u n t s o f t h e f e e d i n g 
b i r d s d u r i n g t h e course o f a number o f f e e d i n g b o u t s . The 
percentage o f g r e a t b l a c k - b a c k e d g u l l s i n c r e a s e d t h r o u g h o u t 
t h e f e e d i n g bout ( w h i l s t t h e t o t a l number o f b i r d s f e e d i n g 
tended t o decrease) and reached 29% a f t e r 10 m inutes 
compared w i t h an average of 18% g r e a t b l a c k - b a c k e d g u l l s 
p r e s e n t a t t h e t i p . S i g h t i n g s of c o l o u r - r i n g e d h e r r i n g 
g u l l s gave no evidence o f a change i n s e x - r a t i o , i n d i c a t i n g 
t h a t t h e sexes responded i n t h e same way. 
When g r e a t b l a c k - b a c k e d g u l l s comprised between 5 and 
15% of t h e f e e d i n g f l o c k , t h e f e e d i n g b e h a v i o u r o f male and 
female h e r r i n g g u l l s was d i f f e r e n t m s e v e r a l r e s p e c t s . 
A l t h o u g h t h e r e were no d i f f e r e n c e s i n s w a l l o w i n g r a t e 
between t h e sexes i n t h e f i r s t t e n m i n u t e s o f f e e d i n g , 
s u g g e s t i n g scramble c o m p e t i t i o n f o r f o o d , males ach i e v e d a 
s i g n i f i c a n t l y h i g h e r s w a l l o w i n g r a t e t h a n females (t=3. 8 7 , 
p < 0.01), l a t e r m t h e f e e d i n g b o u t . When g r e a t b l a c k -
backed g u l l s were r e l a t i v e l y s c a r c e (< 5 % ) , t h e s w a l l o w i n g 
r a t e s o f t h e sexes showed a s i m i l a r p a t t e r n , t h a t o f males 
i n c r e a s i n g and t h a t o f females d e c r e a s i n g as t h e f e e d i n g 
b o ut pro g r e s s e d . However, t h e female r a t e o n l y d e c l i n e d t o 
65% of t h a t o f t h e male, and none of t h e d i f f e r e n c e s were 
s i g n i f i c a n t . T h e r e f o r e when few g r e a t b l a c k - b a c k e d g u l l s 
were p r e s e n t , dominance by male h e r r i n g g u l l s over females 
was n o t expressed. One e x p l a n a t i o n f o r t h i s e f f e c t i s t h a t 
g r e a t b l a c k - b a c k e d g u l l s a r e s i m p l y a c t i n g as e x t r a male 
h e r r i n g g u l l s , and as such t h e i r presence enhances male 
dominance. However, t h e average p r o p o r t i o n o f g r e a t b l a c k -
backed g u l l s p r e s e n t i n t h e medium abundance c a t e g o r y was 8% 
and i t seems s u r p r i s i n g t h a t r e l a t i v e l y few b i r d s c o u l d have 
so g r e a t an e f f e c t . I n a d d i t i o n , g r e a t b l a c k - b a c k e d g u l l s 
a t t a c k e d male h e r r i n g g u l l s more t h a n females (see Chapter 
4) , and on t h i s b a s i s one m i g h t expect t h e i r presence t o 
depress male dominance, as was t h e case when t h e p r o p o r t i o n 
of g r e a t b l a c k - b a c k e d g u l l s was g r e a t e r t h a n 15%. The 
changes i n f l o c k c o m p o s i t i o n which accompanied an i n c r e a s e 
i n t h e p r o p o r t i o n o f g r e a t b l a c k - b a c k e d g u l l s p r e s e n t have 
been d e s c r i b e d ( F i g . 5 . 2 ) . The p r o p o r t i o n o f males amongst 
t h e B r i t i s h h e r r i n g g u l l s and t h e p r o p o r t i o n o f h e r r i n g 
g u l l s which were o f Scandinavian o r i g i n were p o s i t i v e l y 
c o r r e l a t e d w i t h t h e p r o p o r t i o n o f g r e a t b l a c k - b a c k e d g u l l s 
(Fig.5.1) . Since a g g r e s s i o n i s r e l a t e d t o s i z e , t h i s change 
i n f l o c k c o m p o s i t i o n amounts t o an i n c r e a s e i n a g g r e s s i v e -
ness and i n k l e p t o p a r a s i t i s m . T h e r e f o r e , when g r e a t b l a c k -
backed g u l l s were sca r c e , so were k l e p t o p a r a s i t i c h e r r i n g 
gulls,- t h e i r e f f e c t on female h e r r i n g g u l l s was s m a l l , and 
no d i f f e r e n c e s m f e e d i n g performance between t h e sexes was 
found. As t h e p r o p o r t i o n o f g r e a t b l a c k - b a c k e d g u l l s 
i n c r e a s e d , so d i d t h e p r o p o r t i o n o f k l e p t o p a r a s i t e s , and so 
t h e f e e d i n g performance of t h e i r v i c t i m s ( t h e female h e r r i n g 
g u l l s ) was reduced. When t h e p r o p o r t i o n o f g r e a t b l a c k -
backed g u l l s was more t h a n 15%, t h e k l e p t o p a r a s x t i c h e r r i n g 
g u l l s ( m o s t l y B r i t i s h male h e r r i n g g u l l s ) were a t a 
d i s a d v a n t a g e and responded by l e a v i n g t h e f e e d i n g area. 
However t h i s does n o t e x p l a i n why male h e r r i n g g u l l s 
had h i g h e r f e e d i n g success m t h e l a t e r stages o f t h e 
f e e d i n g bout when t h e p r o p o r t i o n o f g r e a t b l a c k - b a c k e d g u l l s 
p r e s e n t was between 5 and 15% t h a n when t h e p r o p o r t i o n was 
l e s s t h a n 5% ( F i g . 5.3) . The e x p l a n a t i o n may l i e i n t h e 
i n c r e a s e d average age o f male h e r r i n g g u l l s w h i c h f e d a t 
t i p s a t medium and h i g h l e v e l s o f g r e a t b l a c k - b a c k e d 
abundance. I f age and t h e r e f o r e e x p e r i e n c e c o n t i n u e t o 
improve f e e d i n g success i n a d u l t l i f e , t h e n t h i s m i g h t 
e x p l a i n t h e h i g h e r f e e d i n g r a t e s o f male h e r r i n g g u l l s m 
t h i s s i t u a t i o n . 
5.3.5 Great b l a c k - b a c k e d g u l l abundance and f e e d i n g b e h a v i o u r o f 
a d u l t g r e a t b l a c k - b a c k e d g u l l s 
Feeding r a t e s f o r a d u l t g r e a t b l a c k - b a c k e d g u l l s under 
c o n d i t i o n s o f h i g h , , medium and low g r e a t b l a c k - b a c k e d 
abundance and f o r t h e f i r s t t e n m inutes o f t h e f e e d i n g b out 
and l a t e r a r e shown i n Fig.5.4. For a l l l e v e l s o f g r e a t 
b l a c k - b a c k e d g u l l abundance, s w a l l o w i n g r a t e d e c l i n e d 
t h r o u g h o u t t h e feeding.' bout ( t = 2 . 7 0 , d . f . = 898, p < 0.01). 
T h i s c o n t r a s t s w i t h t h e b e h a v i o u r o f male h e r r i n g g u l l s , 
d e s c r i b e d m t h e p r e v i o u s s e c t i o n , w h i c h were a b l e t o 
s u s t a i n or even i n c r e a s e t h e i r s w a l l o w i n g r a t e , t h r o u g h 
(a) >15% GBB 
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F i g . 5.4 Changes i n feeding r a t e s of adult great black-
backed g u l l s throughout the feeding bout, 
considered s e p a r a t e l y for three l e v e l s of great 
black-backed g u l l abundance (bars are l SE, 
sample s i z e s shown at top of f i g u r e ) . 
GBB: great black-backed g u l l 
i n c r e a s e d use of k l e p t o p a r a s i t i s m , However -the s w a l l o w i n g 
r a t e s o f male h e r r i n g and g r e a t b l a c k - b a c k e d g u l l s i n t h e 
l a t e r stages of t h e f e e d i n g b out were comparable ( c f . v a l u e s 
i n F i g s 5.3 & 5.4). I t t h e r e f o r e seems l i k e l y t h a t t h e d e c l i n e 
m f e e d i n g success o f g r e a t b l a c k - b a c k e d g u l l s t h r o u g h o u t 
t h e f e e d i n g b out was due t o f o o d or t a r g e t s f o r a t t a c k 
becoming l i m i t i n g . Abundance had a p o s i t i v e e f f e c t on 
s w a l l o w i n g r a t e f o r b o t h t i m e p e r i o d s . Combining t h e two 
t i m e p e r i o d s , s w a l l o w i n g r a t e a t h i g h abundance was 
s i g n i f i c a n t l y g r e a t e r t h a n a t low abundance (t=2.78, 
d.f.=676, p < 0.01) and n o t s i g n i f i c a n t l y d i f f e r e n t f r o m 
t h a t a t medium abundance. i n a d d i t i o n when g r e a t b l a c k -
backed g u l l s were s c a r c e , 48% (n=108) o f t h e i r f o o d was 
o b t a i n e d by k l e p t o p a r a s i t i s m compared w i t h 69% (n=81> and 
6 1 % (n=128) a t medium and h i g h l e v e l s o f abundance 
r e s p e c t i v e l y (Low vs. Med. + High xl - 7.41, p < 0.01). The 
d i s t r i b u t i o n o f o b s e r v a t i o n s t h r o u g h o u t t h e f e e d i n g bout 
i n d i c a t e s t h a t a t low abundance ( i . e . low p r o f i t a b i l i t y ) 62% 
(n=430) o f o b s e r v a t i o n s were made a f t e r t h e f i r s t t e n 
minutes compared w i t h 18% (n=142) a t medium abundance and 
35% (n=248) a t h i g h abundance (combining h i g h and medium 
c a t e g o r i e s and comparing w i t h low: x\ - 84.2, p < 0.001) . 
T h i s suggests t h a t when g r e a t b l a c k - b a c k e d g u l l s are 
r e l a t i v e l y s c a r c e , t h e y compensate f o r a low s w a l l o w i n g r a t e 
by f e e d i n g l o n g e r . 
What i s t h e b a s i s f o r t h e p o s i t i v e e f f e c t o f t h e 
p r o p o r t i o n of g r e a t b l a c k - b a c k e d g u l l s p r e s e n t on t h e i r 
average s w a l l o w i n g r a t e ? There were no s i g n i f i c a n t 
d i f f e r e n c e s m t o t a l encounter r a t e s between t h e t h r e e 
abundance c a t e g o r i e s . However t h e way i n w hich a t t a c k s were 
d i s t r i b u t e d between h e r r i n g and g r e a t b l a c k - b a c k e d g u l l s d i d 
change, such t h a t a t h i g h l e v e l s o f g r e a t b l a c k - b a c k e d 
abundance, 35% of a t t a c k s were a g a i n s t c o n s p e c i f i c s compared 
w i t h 15% and 13% a t medium and low l e v e l s r e s p e c t i v e l y 
(Table b.12) . I n a d d i t i o n , when g r e a t b l a c k - b a c k e d g u l l s were 
scarce, 5 2% o f t h e i r a t t a c k s were d i r e c t e d a g a i n s t immature 
h e r r i n g g u l l s , compared w i t h 23% and 26% a t medium and h i g h 
abundance l e v e l s r e s p e c t i v e l y (Table 5.12). An e x a m i n a t i o n of 
success i n a t t a c k ( d e f i n e d as t h e p r o p o r t i o n o f a t t a c k s 
w hich r e s u l t e d i n f o o d g a i n ) shows t h a t success depended on 
t h e n a t u r e o f t h e opponent (Table 5.13). There was a t r e n d of 
i n c r e a s i n g success f r o m immature h e r r i n g g u l l , a d u l t h e r r i n g 
g u l l , immature g r e a t b l a c k - b a c k e d g u l l t o a d u l t g r e a t b l a c k -
backed g u l l and t h i s was a r e f l e c t i o n o f t h e d i f f e r e n c e s m 
average s w a l l o w i n g r a t e between t h e s e f o u r groups. Thus low 
f e e d i n g performance when g r e a t b l a c k - b a c k s are s c a r c e can be 
e x p l a i n e d m terms o f a l e s s s u c c e s s f u l a t t a c k i n g s t r a t e g y 
by g r e a t b l a c k - b a c k e d g u l l s , i . e . one of c o n c e n t r a t i n g 
a t t a c k s on immature h e r r i n g g u l l s . 
As t h e p r o p o r t i o n o f g r e a t b l a c k - b a c k e d g u l l s 
i n c r e a s e d , m t r a s p e c i f i c i n t e r a c t i o n s i n c r e a s e d , and w h i l s t 
a k l e p t o p a r a s i t i c s t r a t e g y m i g h t c o n t i n u e t o b e n e f i t 
dominant i n d i v i d u a l s , one m i g h t expect t h a t t h e r e would be a 
l e v e l o f g r e a t b l a c k - b a c k e d g u l l abundance where such a 
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s t r a t e g y w as no l o n g e r p r o f i t a b l e f o r s u b o r d i n a t e 
i n d i v i d u a l s . A l t h o u g h t h e p r o p o r t i o n o f f o o d o b t a i n e d b y 
a t t a c k a n d t h e a v e r a g e s w a l l o w i n g r a t e b o t h s h o w e d a d e c l i n e 
a t h i g h l e v e l s o f g r e a t b l a c k - b a c k e d a b u n d a n c e , i n n e i t h e r 
c a s e was t h e d i f f e r e n c e s i g n i f i c a n t . T h u s , o v e r t h e r a n g e 
o f p r o p o r t i o n s o f g r e a t b l a c k - b a c k e d g u l l s r e c o r d e d i n t h i s 
s t u d y , k l e p t o p a r a s i t i s m r e m a i n e d a v i a b l e way o f o b t a i n i n g 
f o o d . 
5.4 D i s c u s s i o n 
K l e p t o p a r a s i t i s m i n t h e L a r i d a e i s p r o b a b l y t h e r e s u l t 
o f b i r d s c a p i t a l i s i n g o n f e e d i n g o p p o r t u n i t i e s p r e s e n t e d i n 
h i g h d e n s i t y , m i x e d s p e c i e s f l o c k s a t a r i c h f o o d s o u r c e 
( B r o c k m a n n & B a r n a r d , 1 9 7 9 ) . A s s u c h , o n e m i g h t n o t e x p e c t 
s u c h s p e c i a l i s e d b e h a v i o u r i n t h e c h o i c e o f v i c t i m a s t h a t 
shown, f o r e x a m p l e , b y t h e a r c t i c s k u a , f o r w h i c h k l e p t o -
p a r a s i t i s m i s more a way o f l i f e . B o t h g r e a t b l a c k - b a c k e d 
a n d h e r r i n g g u l l s p r e f e r e n t i a l l y a t t a c k e d h e r r i n g g u l l s 
w h i c h h a d made a n a t t a c k w i t h i n t h e p r e v i o u s 30 s e c o n d s . 
T h u s b o t h s p e c i e s a s s o c i a t e d a g g r e s s i o n w i t h t h e p r e s e n c e o f 
f o o d . A g g r e s s i o n i n d i c a t e s t h a t a f e e d i n g b i r d i s l i k e l y t o 
h a v e s o m e t h i n g w o r t h d e f e n d i n g . T h i s r e s p o n s e t o a g g r e s s i o n 
i s o f t e n s e e n a t r e f u s e t i p s when a n y s l i g h t l y p r o t r a c t e d 
d i s p u t e o v e r a f o o d i t e m r a p i d l y a t t r a c t s a l a r g e number o f 
g u l l s . A t t a c k s , a p p a r e n t l y b a s e d on t h i s d e c i s i o n r u l e , l e d 
t o f o o d g a i n m a p p r o x i m a t e l y a t h i r d o f c a s e s , f o r b o t h 
h e r r i n g a n d g r e a t b l a c k - b a c k e d g u l l s . T h i s r e s p o n s e t o 
a g g r e s s i o n p r o v i d e s a n e x p l a n a t i o n f o r t h e g r e a t e r f r e q u e n c y 
w i t h w h i c h l a r g e h e r r i n g g u l l s ( B r i t i s h m a l e s a n d 
S c a n d i n a v i a n s ) a r e a t t a c k e d b y g r e a t b l a c k - b a c k e d g u l l s . 
I m m a t u r e h e r r i n g g u l l s , i n c o n t r a s t , d i d n o t s e l e c t i v e l y 
a t t a c k a g g r e s s i v e a d u l t h e r r i n g g u l l s . I m m a t u r e b i r d s 
r e s p o n d e d t o s w a l l o w i n g b y a d u l t s a n d t h i s w a s a l e s s 
s u c c e s s f u l a t t a c k i n g s t r a t e g y , l e a d i n g t o f o o d g a i n f r o m 
o n l y one a t t a c k m s i x . T h i s may h a v e b e e n a r e s u l t o f 
y o u n g e r h e r r i n g g u l l s b e i n g i n h i b i t e d f r o m a t t a c k i n g 
a g g r e s s i v e a d u l t s . A l t e r n a t i v e l y , i t may b e t h a t f i r s t a n d 
s e c o n d y e a r h e r r i n g g u l l s a s s o c i a t e d s w a l l o w i n g m a d u l t s 
w i t h b e i n g f e d b y t h e m a n d t h a t a g g r e s s i o n t o w a r d s s u c h 
a d u l t s r e s u l t e d f r o m a f r u s t r a t i o n o f t h i s e x p e c t a t i o n , 
when g r e a t b l a c k - b a c k e d g u l l s w e r e s c a r c e , t h e y h a d a n 
a p p a r e n t l y n o n - o p t i m a l s t r a t e g y o f c o n c e n t r a t i n g a t t a c k s on 
i m m a t u r e h e r r i n g g u l l s . I m m a t u r e h e r r i n g g u l l s a r e more 
a g g r e s s i v e t h a n a d u l t s ( V e r b e e k , 1 9 7 7 a , 1 9 7 7 b ; G r e i g e t a l . , 
1 9 B 3 ) , a n d t h e l o w p r o p o r t i o n o f a g g r e s s i v e a d u l t h e r r i n g 
g u l l s ( i . e . B r i t i s h m a l e s a n d S c a n d i n a v i a n s ) a n d o f g r e a t 
b l a c k - b a c k e d g u l l s u n d e r t h e s e c o n d i t i o n s c o u l d e x p l a i n t h e 
o b s e r v e d d i s t r i b u t i o n o f a t t a c k s . 
When w e a t h e r c o n d i t i o n s w e r e s e v e r e a n d o t h e r f o o d s 
s c a r c e , t h e n u m b e r s o f b o t h h e r r i n g a n d g r e a t b l a c k - b a c k e d 
g u l l s f e e d i n g a t t i p s i n c r e a s e d ( s e e C h a p t e r 4) . T h e 
i n c r e a s e i n g r e a t b l a c k - b a c k e d g u l l n u m b e r s was p r o p o r t i o n -
a l l y g r e a t e r t h a n t h a t f o r h e r r i n g g u l l s a n d s o t h e 
p r o p o r t i o n o f g r e a t b l a c k - b a c k e d g u l l s p r e s e n t was h i g h e r 
u n d e r s u c h c o n d i t i o n s . C h a n g e s i n t h e p r o p o r t i o n o f g r e a t 
b l a c k - b a c k e d g u l l s w e r e f o u n d t o b e a s s o c i a t e d w i t h o t h e r 
c h a n g e s m f l o c k c o m p o s i t i o n . When t h e p r o p o r t i o n o f g r e a t 
b l a c k - b a c k e d g u l l s a t t h e t i p s w a s 5 % o r o v e r , t h e s e x - r a t i o 
o f b o t h g r e a t b l a c k - b a c k e d a n d h e r r i n g g u l l s w a s m a l e 
b i a s e d . I n a d d i t i o n t h e i n c r e a s e d b i l l d e p t h o f t h e m a l e 
h e r r i n g g u l l s p r e s e n t s u g g e s t s t h a t t h e y w e r e , on a v e r a g e , 
o l d e r . T h e p r o p o r t i o n o f S c a n d i n a v i a n h e r r i n g g u l l s p r e s e n t 
was a l s o c o r r e l a t e d w i t h t h a t o f g r e a t b l a c k - b a c k e d g u l l s . 
T h u s , i n s e v e r e w e a t h e r i t w a s p a r t i c u l a r l y t h e l a r g e r ( a n d 
i n t h e c a s e o f t h e m a l e h e r r i n g g u l l , o l d e r ) i n d i v i d u a l s 
w h i c h came i n t o t h e t i p s i n g r e a t e r n u m b e r s . T h i s s u g g e s t s 
t h a t u n d e r f a v o u r a b l e e n v i r o n m e n t a l c o n d i t i o n s , t h e r e may b e 
some s e p a r a t i o n o f t h e s e x e s , w i t h m o r e m a l e s o f b o t h 
s p e c i e s ( a n d e s p e c i a l l y o l d e r m a l e h e r r i n g g u l l s ) f e e d i n g a t 
p r e f e r r e d s i t e s on t h e c o a s t , a n d more f e m a l e s f e e d i n g 
i n l a n d a t r e f u s e t i p s . I n a s t u d y o f h e r r i n g g u l l s d u r i n g 
t h e b r e e d i n g s e a s o n , S i b l y & M c C l e e r y ( 1 9 8 3 a , 1 9 8 3 b ) f o u n d 
no s e x r e l a t e d d i f f e r e n c e s i n f o o d p r e f e r e n c e s , b u t t h e y 
r e g a r d e d f i s h , e i t h e r o b t a i n e d b y d i r e c t c a p t u r e o r b y 
s c a v e n g i n g a t t r a w l e r s a n d a t f i s h q u a y s , a s a m i n o r f o o d 
s o u r c e , a n d t h e r e f o r e h a d no i n f o r m a t i o n on i n d i v i d u a l s 
u s i n g s u c h s i t e s . N i e b u h r ( 1 9 8 3 ) a n d B e l o p o l ' s k i i ( 1 9 6 1 ) 
b o t h r e p o r t e d more f e m a l e s f e e d i n g on i n t e r t i d a l f o o d s i n 
t h e b r e e d i n g s e a s o n . I n t h e l a t t e r s t u d y , m a l e h e r r i n g 
g u l l s a t e c o r r e s p o n d i n g l y more f i s h b u t r e f u s e w a s n o t u s e d 
b y e i t h e r s e x . D u r i n g t h e i n c u b a t i o n p e r i o d , a n d t o a 
l e s s e r e x t e n t d u r i n g c h i c k - r e a r i n g , i t i s n e c e s s a r y f o r t h e 
two members o f t h e p a i r t o a d o p t c o m p l e m e n t a r y f o r a g i n g 
p a t t e r n s , s i n c e f o o d s v a r y m t h e i r t e m p o r a l a v a i l a b i l i t y 
( S i b l y & M c C l e e r y , 1 9 8 3 b ) . A l s o t h e r e may b e n u t r i t i o n a l 
c o n s t r a i n t s , s u c h a s c a l c i u m d e f i c i e n c y m f e m a l e s i n c u r r e d 
by e g g p r o d u c t i o n , w h i c h l e a d t o p a r t i c u l a r f o r a g i n g 
p a t t e r n s ( N i e b u h r , 1 9 8 3 ) . I n w i n t e r s u c h c o n s t r a i n t s on 
f o r a g i n g b e h a v i o u r a r e a b s e n t , a n d s o f o r a g i n g p a t t e r n s may 
b e q u i t e d i f f e r e n t . A l s o , o u t s i d e t h e b r e e d i n g s e a s o n , t h e 
t i m e a v a i l a b l e f o r f o r a g i n g i s i n c r e a s e d , a l t h o u g h t h i s i s 
t o some e x t e n t o f f s e t b y t h e d e c r e a s e i n d a y l i g h t h o u r s . 
D e t a i l e d i n f o r m a t i o n on t h e s e x r a t i o o f g u l l s u s i n g f e e d i n g 
s i t e s o t h e r t h a n r e f u s e t i p s d u r i n g t h e w i n t e r m o n t h s i s 
l a c k i n g , b u t o f 27 h e r r i n g g u l l s c a u g h t f r o m t h e b a c k o f a 
f i s h i n g b o a t , 19 w e r e m a l e s (Monaghan, u n p u b l i s h e d d a t a ) 
t h u s s u p p o r t i n g t h e i d e a o f some f e e d i n g s e p a r a t i o n b e t w e e n 
t h e s e x e s i n t h e w i n t e r m o n t h s . 
T h e e x t e n t t o w h i c h h e r r i n g g u l l s , a n d p a r t i c u l a r l y t h e 
s m a l l e r f e m a l e h e r r i n g g u l l , w e r e d i s a d v a n t a g e d d u r i n g 
c o m p e t i t i v e f e e d i n g d e p e n d e d o n t h e p r o p o r t i o n s o f g r e a t 
b l a c k - b a c k e d g u l l s , m a l e h e r r i n g g u l l s a n d S c a n d i n a v i a n 
h e r r i n g g u l l s w h i c h w e r e p r e s e n t . A l l t h e s e t h r e e 
p r o p o r t i o n s w e r e p o s i t i v e l y i n t e r c o r r e l a t e d . F o r much o f 
t h e w i n t e r , t h e r e was a n e x c e s s o f f e m a l e h e r r i n g g u l l s a t 
t i p s a n d t h e p r o p o r t i o n o f g r e a t b l a c k - b a c k e d g u l l s p r e s e n t 
was l o w (< 5%) . U n d e r t h e s e c o n d i t i o n s t h e r e w a s no 
d i f f e r e n c e m f e e d i n g s u c c e s s b e t w e e n t h e s e x e s o r r a c e s o f 
h e r r i n g g u l l s , b u t g r e a t b l a c k - b a c k e d g u l l s a c h i e v e d a 
h i g h e r f e e d i n g s u c c e s s . When t h e w e a t h e r w a s more s e v e r e 
t h e p r o p o r t i o n o f k l e p t o p a r a s i t i c g u l l s , i . e . g r e a t b l a c k -
b a c k e d , m a l e h e r r i n g a n d S c a n d i n a v i a n h e r r i n g g u i l d s , 
i n c r e a s e d a n d f e m a l e h e r r i n g g u l l f e e d i n g s u c c e s s d e c l i n e d . 
T h e k l e p t o p a r a s i t i c s t r a t e g y i t s e l f may n o t b e 
p r o f i t a b l e u n d e r c e r t a i n c o n d i t i o n s . As t h e r a t i o o f 
k l e p t o p a r a s i t e t o h o s t i n c r e a s e d o n e m i g h t e x p e c t a f a l l o f f 
m s u c c e s s a s h o s t s become i n c r e a s i n g l y d i f f i c u l t t o f i n d , 
w h i l s t k l e p t o p a r a s i t i s m may c o n t i n u e t o b e a p r o f i t a b l e 
s t r a t e g y f o r t h e m o s t d o m i n a n t i n d i v i d u a l s , t h e m ore 
s u b o r d i n a t e o n e s may s w i t c h t o a d i f f e r e n t f e e d i n g m e t h o d o r 
g i v e up a l t o g e t h e r . T h e r e i s e v i d e n c e t h a t t h i s e f f e c t may 
o p e r a t e f o r h e r r i n g g u l l s when t h e r e i s a h i g h p r o p o r t i o n o f 
g r e a t b l a c k - b a c k e d g u l l s i n t h e f e e d i n g f l o c k . U n d e r t h e s e 
c o n d i t i o n s f e m a l e h e r r i n g g u l l s a c h i e v e d a s l i g h t l y h i g h e r 
s w a l l o w i n g r a t e t h a n m a l e s i n t h e f i r s t t e n m i n u t e s f r o m t h e 
s t a r t o f f e e d i n g . T h e r e was e v i d e n c e t h a t many h e r r i n g 
g u l l s o p t e d t o l e a v e t h e f e e d i n g a r e a a f t e r t h i s t i m e , 
p r e s u m a b l y b e c a u s e t h e y c o u l d no l o n g e r f e e d p r o f i t a b l y , d u e 
t o g r e a t e r c o m p e t i t i o n f r o m g r e a t b l a c k - b a c k e d g u l l s . A 
s i m i l a r m e c h a n i s m h a s b e e n p r o p o s e d t o e x p l a i n d i f f e r e n c e s 
i n f o r a g i n g b e h a v i o u r i n g r o u p s o f f e e d i n g h y e n a s , C r o c u t a 
c r o c u t a , ( T i l s o n & H a m i l t o n , 1 9 8 4 ) . I n t h e a r e a s w h e r e 
l i o n s . P a n t h e r a l e o , a r e p r e s e n t , h y e n a s c o n s u m e c a r c a s s e s 
r a p i d l y a n d t h e r e a s no e v i d e n c e o f a d o m i n a n c e h i e r a r c h y . 
I n c o n t r a s t , w h e r e l i o n s a r e a b s e n t , c a r c a s s e s a r e c o n s u m e d 
s l o w l y , u s u a l l y o n l y o n e a n i m a l f e e d i n g a t a t i m e a n d t h e r e 
i s a c l e a r l y d e v e l o p e d d o m i n a n c e h i e r a r c h y w i t h t h e d o m i n a n t 
( a n d l a r g e r ) f e m a l e f e e d i n g f i r s t f o l l o w e d by h e r d a u g h t e r s , 
a n d t h e s u b o r d i n a t e m a l e s l a s t . 
A l t h o u g h c o m p e t i t i v e a b i l i t y i n b o t h h e r r i n g a n d g r e a t 
b l a c k - b a c k e d g u l l s may b e l a r g e l y d e t e r m i n e d b y b o d y s i z e , 
w i t h e x p e r i e n c e a l s o p l a y i n g a p a r t , q u i t e s u b t l e c h a n g e s i n 
f l o c k c o m p o s i t i o n , b y a l t e r i n g t h e n a t u r e o f c o m p e t i t i v e 
i n t e r a c t i o n s , c a n h a v e r e l a t i v e l y l a r g e e f f e c t s o n 
c o m p a r a t i v e f e e d i n g s u c c e s s o f t h e d i f f e r e n t s p e c i e s , r a c e , 
s e x a n d a g e g r o u p i n g s w i t h i n t h e f e e d i n g f l o c k . 
GENERAL D I S C U S S I O N 
A l t h o u g h i n c r e a s e d p r o d u c t i o n o f r e f u s e o v e r t h e c o u r s e 
o f t h i s c e n t u r y h a s u n d o u b t e d l y i n c r e a s e d f o o d a v a i l a b i l i t y 
a l l y e a r r o u n d f o r g u l l s , t h i s s t u d y h a s shown t h a t t h e r e i s 
a l a r g e amount o f v a r i a t i o n i n t h e a b i l i t y o f i n d i v i d u a l s t o 
e x p l o i t t h i s f o o d s o u r c e s u c c e s s f u l l y . 
Some i n d i v i d u a l s t e n d n o t t o f e e d a t t i p s a t a l l . A 
s m a l l e r p r o p o r t i o n o f i m m a t u r e h e r r i n g g u l l s f e e d a t r e f u s e 
t i p s i n n o r t h e a s t E n g l a n d t h a n w o u l d b e e x p e c t e d on t h e 
b a s i s o f t h e a v e r a g e a g e c o m p o s i t i o n o f t h e h e r r i n g g u l l 
p o p u l a t i o n (Monaghan, 1 9 8 0 ) . As a r e s u l t o f t h e h i g h l y 
c o m p e t i t i v e n a t u r e o f f e e d i n g a t a r e f u s e t i p a n d t h e s k i l l s 
r e q u i r e d , many i m m a t u r e b i r d s a r e u n a b l e t o f e e d p r o f i t a b l y 
t h e r e . B l a c k - h e a d e d g u l l s u s e t i p s i n v a r y i n g n u m b e r s b u t 
a r e r a p i d l y e x c l u d e d b y t h e l a r g e r g u l l s d u r i n g c o m p e t i t i v e 
f e e d i n g . T h e y c a n h o w e v e r , d u e t o s m a l l e r b o d y s i z e , t a k e 
a d v a n t a g e o f d i s t u r b e d f e e d i n g o p p o r t u n i t i e s more p r o f i t a b l y 
t h a n t h e l a r g e r g u l l s . T h e e x t e n t t o w h i c h b l a c k h e a d e d 
g u l l s p a r t i c i p a t e i n t h e m o r e c o m p e t i t i v e u n d i s t u r b e d 
f e e d i n g i s u n f l u e n c e d b y t h e n umber o f l a r g e g u l l s p r e s e n t . 
H o r t o n e t a l . ( 1 9 8 3 ) r e c o r d e d no c o m p e t i t i v e e x c l u s i o n o f 
b l a c k - h e a d e d g u l l s b u t , a t a l l 20 t i p s i n t h e i r s t u d y , 
n u m b e r s o f b l a c k - h e a d e d g u l l s e x c e e d e d t h o s e o f t h e l a r g e r 
g u l l s , t h e a v e r a g e r a t i o o f s m a l l t o l a r g e g u l l s b e i n g 5:1. 
T h e r e was a l s o a s i g n i f i c a n t n e g a t i v e c o r r e l a t i o n b e t w e e n 
t h e t o t a l number o f g u l l s p r e s e n t a n d t h e r a t i o o f s m a l l t o 
l a r g e g u l l s (^=0,72, N=20, p < 0 . 0 1 : c a l c u l a t e d f r o m d a t a 
i n T a b l e 4, H o r t o n e t a l . , 1 9 8 3 ) . T h e s i t u a t i o n a t t i p s i n 
n o r t h e a s t E n g l a n d i s q u i t e d i f f e r e n t , i n t h a t t h e a v e r a g e 
r a t i o o f s m a l l t o l a r g e g u l l s i s a p p r o x i m a t e l y 0.4:1 a n d , 
u n d e r t h e s e c i r c u m s t a n c e s , b l a c k - h e a d e d g u l l s a r e e x c l u d e d 
f r o m o r a v o i d c o m p e t i t i v e f e e d i n g due t o t h e h i g h n u m b e r s o f 
h e r r i n g a n d g r e a t b l a c k - b a c k e d g u l l s p r e s e n t . 
T h e w o r k i n g r e g i m e o f t h e r e f u s e t i p a l s o i n f l u e n c e s 
i t s r e l a t i v e a t t r a c t i o n f o r d i f f e r e n t s p e c i e s . B u r g e r 
( 1 9 8 1 ) h a s s u g g e s t e d t h a t t h e i n c r e a s e d p r a c t i c e o f c o v e r i n g 
r e f u s e w i t h e a r t h o r s a n d , a s s o o n a s i t h a s b e e n dumped, 
r e s u l t s i n more f r e q u e n t b u l l d o z e r a c t i v i t y , a n d t h a t t h i s 
h a s f a v o u r e d t h e e x p l o i t a t i o n o f r e f u s e b y s m a l l e r g u l l 
s p e c i e s . T h i s f a c t o r a l o n e may h a v e made r e f u s e a l e s s 
a c c e s s i b l e f o o d s o u r c e f o r t h e l a r g e r g u l l s p e c i e s m r e c e n t 
y e a r s . 
S i b l y £ M c C l e e r y ( 1 9 8 3 b ) i n a s t u d y o f a d u l t h e r r i n g 
g u l l s d u r i n g t h e b r e e d i n g s e a s o n f o u n d t h a t , a t r e f u s e t i p s , 
f e m a l e s w e r e l e s s e f f i c i e n t f o r a g e r s t h a n m a l e s w h e r e a s 
t h e r e w e r e no d i f f e r e n c e s m f e e d i n g e f f i c i e n c y b e t w e e n t h e 
s e x e s a t o t h e r f e e d i n g s i t e s . T h e l o w e r e f f i c i e n c y o f 
f e m a l e s was a t t r i b u t e d t o t h e i r s u b o r d i n a t e s t a t u s m 
c o m p e t i t i v e i n t e r a c t i o n s . T h i s s t u d y h a s shown t h a t t h e 
n a t u r e o f t h e f e e d i n g o p p o r t u n i t i e s a t a r e f u s e t i p a r e s u c h 
t h a t , on a v e r a g e , 4 0 % o f u n d i s t u r b e d ( i . e . c o m p e t i t i v e ) 
f e e d i n g b o u t s l a s t f o r l e s s t h a n t e n m i n u t e s a n d o v e r t h i s 
t i m e no d i f f e r e n c e i n f e e d i n g p e r f o r m a n c e b e t w e e n t h e s e x e s 
w a s d e m o n s t r a t e d . I t i s o n l y when f e e d i n g c o n t i n u e s f o r 
l o n g e r t h a t t h e c o m p e t i t i v e d i s a d v a n t a g e o f f e m a l e s b e c o m e s 
a p p a r e n t , a s t h e l e v e l o f a g g r e s s i o n i n c r e a s e s d u e t o t h e 
d e p l e t i o n o f e d i b l e i t e m s f r o m t h e r e f u s e . Some f e m a l e s 
t h e n r e s p o n d by l e a v i n g t h e f e e d i n g a r e a a n d t h i s i s 
r e f l e c t e d i n t h e l o w e r p a r t i c i p a t i o n o f f e m a l e s i n 
u n d i s t u r b e d f e e d i n g c o m p a r e d t o m a l e s ( C h a p t e r 3 ) . F e m a l e s 
a l s o t e n d t o f e e d more o f t e n i n t h e e d g e a r e a s o f t h e r e f u s e 
w h e r e f o o d r e t u r n i s l o w e r b u t a g g r e s s i v e i n t e r a c t i o n s a r e 
l e s s f r e q u e n t (Monaghan, 1 9 8 0 ) . T h e r e w a s h o w e v e r no 
o v e r a l l d i f f e r e n c e i n t h e a v e r a g e t i m e s p e n t f e e d i n g e a c h d a y 
b e t w e e n t h e s e x e s b e c a u s e f e m a l e s w e r e a b l e t o c o m p e n s a t e 
f o r r e d u c e d p a r t i c i p a t i o n i n c o m p e t i t i v e f e e d i n g b y a 
c o r r e s p o n d i n g i n c r e a s e i n d i s t u r b e d f e e d i n g ( C h a p t e r 3 ) . 
T h e i n f l u x o f t h e l a r g e r S c a n d i n a v i a n h e r r i n g g u l l s t o 
r e f u s e t i p s i n t h e n o r t h e a s t , e s p e c i a l l y m D e c e m b e r a n d 
J a n u a r y ( C o u l s o n e t a l . , 1 9 8 4 a ) m i g h t b e e x p e c t e d t o h a v e a 
d e l e t e r i o u s e f f e c t on t h e p e r f o r m a n c e o f t h e i r s m a l l e r 
B r i t i s h c o u n t e r p a r t s . H o w e v e r a t t h e same t i m e a s t h e 
p r o p o r t i o n o f S c a n d i n a v i a n h e r r i n g g u l l s a t t h e t i p s 
i n c r e a s e s , s o d o e s t h a t o f g r e a t b l a c k - b a c k e d g u l l s ( C h a p t e r 
5 ) . A g g r e s s i o n i s c o r r e l a t e d w i t h b o d y s i z e ( C h a p t e r 4 ) a n d 
s o t h i s s h i f t i n f l o c k c o m p o s i t i o n t o w a r d s l a r g e r 
i n d i v i d u a l s r e s u l t s i n a c o r r e s p o n d i n g i n c r e a s e i n t h e 
f r e q u e n c y o f a g g r e s s i v e i n t e r a c t i o n s . I n a d d i t i o n b o t h 
h e r r i n g a n d g r e a t b l a c k - b a c k e d g u l l s a t t a c k a g g r e s s i v e b i r d s 
p r e f e r e n t i a l l y ; i . e . a g g r e s s i o n b e g e t s a g g r e s s i o n ( C h a p t e r 
5) . S c a n d i n a v i a n h e r r i n g g u l l s a r e l a r g e r a n d - t h e r e f o r e 
more a g g r e s s i v e t h a n B r i t i s h h e r r i n g g u l l s a n d c o n s e q u e n t l y 
t h e y a r e a t t a c k e d b y g r e a t b l a c k - b a c k e d g u l l s w i t h g r e a t e r 
f r e q u e n c y t h a n a r e B r i t i s h h e r r i n g g u l l s . T h e r e f o r e , 
a l t h o u g h S c a n d i n a v i a n h e r r i n g g u l l s a r e t h e v i c t i m s o f 
c o n s p e c i f i c a t t a c k s l e s s o f t e n t h a n B r i t i s h h e r r i n g g u l l s , 
t h e o v e r a l l r a t e a t w h i c h i n d i v i d u a l s o f t h e two r a c e s a r e 
a t t a c k e d i s s i m i l a r , a s i s t h e f e e d i n g s u c c e s s a c h i e v e d . 
T h e number o f S c a n d i n a v i a n h e r r i n g g u l l s w h i c h t r a v e l 
f u r t h e r s o u t h a n d f u r t h e r i n l a n d d u r i n g t h e w i n t e r ( S t a n l e y 
e t a l . , 1 9 8 1 ) may r e s u l t f r o m a t t e m p t s t o e s c a p e c o m p e t i t i o n 
f r o m g r e a t b l a c k - b a c k e d g u l l s w h i c h t e n d t o r e m a i n n e a r t h e 
c o a s t . 
I n c o m p e t i t i v e f e e d i n g , b e h a v i o u r i s c l o s e l y l i n k e d t o 
b o d y s i z e , s u c h t h a t s e x - r e l a t e d d i f f e r e n c e s a r e a l s o 
e x p l i c a b l e m t h e s e t e r m s ( C h a p t e r 4 ) . T h e s m a l l e r b i r d s 
( i . e . B r i t i s h f e m a l e h e r r i n g g u l l s ) o b t a i n e d m o s t o f t h e i r 
f o o d by a c t i v e , i n d e p e n d e n t f o r a g i n g . L a r g e r b i r d s , b y 
i n c r e a s e d a g g r e s s i o n , e x p l o i t e d t h e s e a r c h i n g e f f o r t s o f 
o t h e r s t o l o c a t e a n d o b t a i n f o o d . T h e e x t e n t t o w h i c h t h e 
l a t t e r s t r a t e g y was e m p l o y e d b y i n d i v i d u a l b i r d s i n c r e a s e d 
w i t h i n c r e a s i n g b o d y s i z e . T h e s e two f o r a g i n g s t r a t e g i e s 
a r e a n e x a m p l e o f a g e n e r a l m o d e l f o r i n t e r a c t i o n s b e t w e e n 
a n d w i t h i n s p e c i e s p u t f o r w a r d b y B a r n a r d & S i b l y ( 1 9 8 1 ) 
i n v o l v i n g ' s c r o u n g e r ' i n d i v i d u a l s o r s p e c i e s w h i c h e x p l o i t a 
l i m i t e d r e s o u r c e w h i c h i s p r o v i d e d b y ' p r o d u c e r s ' . S u c h a 
m o d e l d e s c r i b e s a b i o l o g i c a l game w h e r e t h e f i t n e s s o f 
s c r o u n g e r s i s s t r o n g l y f r e q u e n c y d e p e n d e n t , a n d i n w h i c h 
s t a b l e c o e x i s t e n c e i s d e p e n d e n t on t h e f i t n e s s o f s c r o u n g e r s 
b e i n g h i g h e r t h a n t h a t o f p r o d u c e r s when t h e f o r m e r a r e 
r a r e , b u t l o w e r when s c r o u n g e r s a r e common ( B a r n a r d & S i b l y , 
1 9 8 1 ) . W i t h i n t h i s f r a m e w o r k t h e r e a r e two p o s s i b i l i t i e s ; 
a ) a l l i n d i v i d u a l s may b e a b l e t o a d o p t e i t h e r s t r a t e g y , o r 
b) t h e s t r a t e g y o f e a c h i n d i v i d u a l may b e l i m i t e d b y i t s 
p h e n o t y p e . A t t h e p o p u l a t i o n l e v e l t h e s e two s i t u a t i o n s a r e 
i n d i s t i n g u i s h a b l e , b u t i f i n d i v i d u a l s c a n b e r e c o g n i s e d t h e n 
p h e n o t y p i c l i m i t a t i o n s c a n b e i d e n t i f i e d . T h i s s t u d y h a s 
shown t h a t , a t r e f u s e t i p s , t h e p h e n o t y p i c l i m i t a t i o n o f 
b o d y s i z e i s s u f f i c i e n t t o e x p l a i n t h e u s e o f d i f f e r e n t 
f e e d i n g s t r a t e g i e s b y i n d i v i d u a l s o f d i f f e r e n t s p e c i e s a n d 
o f d i f f e r e n t r a c e a n d s e x i n t h e c a s e o f h e r r i n g g u l l s . 
S i t u a t i o n s w h e r e t h e c h o i c e b e t w e e n a l t e r n a t i v e s t r a t e g i e s 
i s d e t e r m i n e d b y b o d y s i z e a r e common i n n a t u r e . P a r k e r 
( 1 9 8 4 ) g i v e s s e v e r a l e x a m p l e s f r o m s t u d i e s o f a l t e r n a t i v e 
m a t i n g s t r a t e g i e s i n i n s e c t s w h e r e t h e s t r a t e g y a d o p t e d i s 
d e t e r m i n e d b y b o d y s i z e ( e . g . T h o r n h i l l , 1 9 8 3 ) . I n 
v e r t e b r a t e s s i z e o f t e n " i n c r e a s e s w i t h a g e a n d t h e n t h e 
s t r a t e g y c h o s e n b y a n i n d i v i d u a l may c h a n g e when i t r e a c h e s 
a c e r t a i n a g e , i . e . t h e r e i s a l i f e h i s t o r y s w i t c h f r o m o n e 
s t r a t e g y t o a n o t h e r ( e . g . C l u t t o n - B r o c k e t a l . , 1 9 7 9 ) . I n 
t h e h e r r i n g g u l l f o r a g i n g e x p e r i e n c e a l s o a c t s a s a 
p h e n o t y p i c c o n s t r a i n t on f o r a g i n g s t r a t e g y . I m m a t u r e b i r d s 
h a v e a f e e d i n g s t r a t e g y w h i c h d e p e n d s h e a v i l y on o t h e r 
f e e d i n g b i r d s f o r l o c a t i n g a n d o b t a i n i n g f o o d , b u t t h e y 
g r a d u a l l y s w i t c h t o a more i n d e p e n d e n t s t r a t e g y a s t h e y 
a c q u i r e f e e d i n g s k i l l s ( C h a p t e r 2 ) . 
I n t h e n a t u r a l f e e d i n g s i t u a t i o n i n v e s t i g a t e d i n t h i s 
s t u d y , f l o c k c o m p o s i t i o n w a s v a r i a b l e a n d t h i s a l l o w e d 
f r e q u e n c y d e p e n d e n t e f f e c t s t o b e i n v e s t i g a t e d . However t h e 
v a r i a t i o n w a s n o t c o n t i n u o u s s i n c e s e a s o n a l e f f e c t s a n d 
l o c a l w e a t h e r c o n d i t i o n s t e n d e d t o a c t t o g e t h e r t o b r i n g 
a b o u t a d i s c r e t e c h a n g e f r o m p r e d o m i n a n t l y s m a l l h e r r i n g 
g u l l s ( f e m a l e s ) a n d a s m a l l number o f g r e a t b l a c k - b a c k e d 
g u l l s t o l a r g e r h e r r i n g g u l l s (more m a l e s a n d more 
S c a n d i n a v i a n s ) a n d a h i g h number o f g r e a t b l a c k - b a c k e d 
g u l l s . T h e e f f e c t o f t h i s s h i f t i n f l o c k c o m p o s i t i o n was 
t h a t when t h e p r o p o r t i o n o f k l e p t o p a r a s i t i c i n d i v i d u a l s 
( i . e . s c r o u n g e r s ) i n t h e f l o c k w a s s m a l l , t h e f e e d i n g 
s u c c e s s a c h i e v e d b y a l l members o f t h e f l o c k w a s s i m i l a r . 
A s t h e p r o p o r t i o n o f s c r o u n g e r s i n c r e a s e d , t h e i r f e e d i n g 
s u c c e s s i n c r e a s e d , w h e r e a s t h a t o f t h e p r o d u c e r s ( m a i n l y 
f e m a l e h e r r i n g g u l l s ) d e c l i n e d . T h u s t h e f r e q u e n c y 
d e p e n d e n t e f f e c t o n t h e p r o d u c e r s w a s a s e x p e c t e d b u t n o t s o 
t h a t on t h e s c r o u n g e r ' s . T h e c h a n g e i n t h e f r e q u e n c y o f 
s c r o u n g e r s i n t h e p o p u l a t i o n may h a v e b e e n a c c o m p a n i e d b y a 
c h a n g e i n t h e ' q u a l i t y ' o f i n d i v i d u a l s . T h e i n c r e a s e d a g e 
o f t h e h e r r i n g g u l l s p r e s e n t when t h e f r e q u e n c y o f 
s c r o u n g e r s was h i g h ( i n d i c a t e d b y t h e c h a n g e i n a v e r a g e m a l e 
b i l l d e p t h ) may h a v e c o n t r i b u t e d t o t h e i r i n c r e a s e d s u c c e s s . 
U n d e r t h e s e c i r c u m s t a n c e s t h e r e w a s a s h i f t i n s e x r a t i o o f 
g r e a t b l a c k - b a c k e d g u l l s t o w a r d s m a l e s , a n d s i n c e i n t h e 
f e e d i n g b e h a v i o u r d a t a t h e s e x e s w e r e n o t d i s t i n g u i s h e d , 
t h i s s e x r a t i o c h a n g e may h a v e c o n t r i b u t e d t o i n c r e a s e d 
s u c c e s s . G r e a t b l a c k - b a c k e d g u l l s s e l e c t i v e l y a t t a c k 
c o n s p e c i f i c s a n d t h e p r o p o r t i o n o f a t t a c k s l e a d i n g t o f o o d 
g a i n i s h i g h e r m c o n s p e c i f i c a t t a c k s t h a n when t h e y a t t a c k 
h e r r i n g g u l l s ( C h a p t e r 5 ) . T h u s , a s t h e f r e q u e n c y o f g r e a t 
b l a c k - b a c k e d g u l l s i n c r e a s e s , a g r e a t e r p r o p o r t i o n o f t h e i r 
a t t a c k s a r e d i r e c t e d a t c o n s p e c i f i c s ; s u c h a t t a c k s a r e more 
s u c c e s s f u l , a n d h e n c e t h e i r o v e r a l l f e e d i n g r a t e i n c r e a s e s . 
I t i s a p p a r e n t t h a t a m i x e d s p e c i e s f e e d i n g f l o c k , s u c h a s 
t h a t d e s c r i b e d m t h i s s t u d y , i s n o t s i m p l y a t w o - t i e r 
s y s t e m o f p r o d u c e r s a n d s c r o u n g e r s b u t s o m e t h i n g more 
a n a l a g o u s t o a f o o d c h a i n o r f o o d web w i t h s e v e r a l d i f f e r e n t 
g r o u p s o f s c r o u n g e r s , a l l v a r y i n g i n c o m p e t i t i v e a b i l i t y . 
F e e d i n g a t a r e f u s e t i p t h e r e f o r e i n v o l v e s many c o m p l e x 
i n t e r a c t i o n s a n d c o m p e t i t i v e s k i l l s a n d s o i t i s n o t 
s u r p r i s i n g t h a t i m m a t u r e h e r r i n g g u l l s t a k e s e v e r a l y e a r s t o 
l e a r n t o e x p l o i t t h i s f o o d r e s o u r c e f u l l y . O v e r t h e f i r s t 
f o u r y e a r s o f l i f e t h e f o r a g i n g b e h a v i o u r o f h e r r i n g g u l l s 
g r a d u a l l y c h a n g e s : 
a ) t h e y become l e s s a g g r e s s i v e 
b) t h e y become more s u c c e s s f u l when a t t a c k i n g b o t h i n t e r m s 
o f d i s p l a c e m e n t o f t h e o p p o n e n t a n d i n t e r m s o f t h e 
p r o p o r t i o n o f a t t a c k s w h i c h l e a d d i r e c t l y t o f o o d g a i n 
c ) t h e y l e a r n t o u s e a g g r e s s i o n r a t h e r t h a n s w a l l o w i n g m 
o t h e r f e e d i n g b i r d s a s a c u e f o r m a k i n g a t t a c k s 
d) t h e y make f e w e r a t t e m p t s t o s t e a l f o o d f r o m a d u l t s 
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e ) t h e y o b t a i n a g r e a t e r p r o p o r t i o n o f f o o d f r o m 
i n d e p e n d e n t f o r a g i n g 
f ) f o o d i n t a k e , a s m e a s u r e d b y s w a l l o w i n g r a t e , i n c r e a s e s . 
I n t h e s e w a y s , h e r r i n g g u l l s g r a d u a l l y become more 
s k i l l f u l b o t h a t i n d e p e n d e n t f o r a g i n g ( l o c a t i n g a n d 
e x t r a c t i n g e d i b l e i t e m s f r o m r e f u s e ) a n d i n o b t a i n i n g f o o d 
t h r o u g h c o m p e t i t i v e i n t e r a c t i o n s . S o c i a l l e a r n i n g i s l i k e l y 
t o b e i m p o r t a n t i n b o t h c a s e s . C o p y i n g b e h a v i o u r o f v a r i o u s 
k i n d s h a s b e e n shown t o i n c r e a s e s u c c e s s b o t h i n l o c a t i n g 
and i n c a p t u r i n g food (Murton e t al., 1971; Krebs e t a l * 1972; Rubenstein 
e t a l . , 1 9 7 7 ) . G r o v e s ( 1 9 7 8 ) s h o w e d t h a t j u v e n i l e r u d d y 
t u r n s t o n e s a r e l e s s a d e p t a t i n t e r p r e t i n g a n d r e s p o n d i n g t o 
t h e s i g n a l s o f o l d e r b i r d s a n d a s a c o n s e q u e n c e t h e y a r e 
i n v o l v e d i n a g r e a t e r n u m b e r o f a g g r e s s i v e e n c o u n t e r s t h a n 
a d u l t s . S o c i a l r a n k g r a d u a l l y i m p r o v e s w i t h e x p e r i e n c e i n 
a g g r e s s i v e e n c o u n t e r s . I m p r o v e m e n t s i n f e e d i n g s u c c e s s o r 
e f f i c i e n c y w i t h a g e h a v e b e e n d e m o n s t r a t e d i n a number o f 
s e a b i r d s p e c i e s ( s e e 2.1 f o r e x a m p l e s ) a n d a r e l i k e l y t o b e 
c h a r a c t e r i s t i c o f a n y s p e c i e s w h i c h i s d e p e n d e n t on a 
' d i f f i c u l t ' f o o d s u p p l y , i . e . o n e w h e r e s k i l l s n e e d t o b e 
l e a r n t b e f o r e t h e r e s o u r c e c a n b e f u l l y e x p l o i t e d ( e . g . 
S c h a l l e r , 1 9 7 2 ; A r n o l d £ D u d z i n s k i , 1 9 7 8 ) . D e l a y e d m a t u r i t y 
i n s e a b i r d s h a s b e e n l i n k e d t o t h e n e e d f o r i n d i v i d u a l s t o 
a t t a i n a c e r t a i n t h r e s h o l d i n f e e d i n g e f f i c i e n c y b e f o r e t h e y 
a r e a b l e t o t a k e on t h e a d d i t i o n a l c o s t s o f b r e e d i n g 
( A s h m o l e , 196 3 ) . T h e m a j o r i t y o f h e r r i n g g u l l s do n o t b r e e d 
u n t i l t h e f o u r t h o r f i f t h y e a r o f l i f e . T h i s s t u d y h a s 
shown f o r a t l e a s t t h e f i r s t f o u r y e a r s ( a n d i n some c a s e s 
l o n g e r - s e e b e l o w ) , t h e y a r e g r a d u a l l y l e a r n i n g a n d 
i m p r o v i n g t h o s e f e e d i n g s k i l l s n e c e s s a r y t o f e e d 
s u c c e s s f u l l y a t a r e f u s e t i p . T h u s , a l t h o u g h t h e f o o d 
a v a i l a b l e f o r g u l l s may h a v e i n c r e a s e d o v e r t h i s c e n t u r y , 
t h e r e p r o d u c t i v e o u t p u t o f t h e s p e c i e s i s s t i l l l i m i t e d b y 
l e n g t h o f t i m e n e c e s s a r y f o r t h e a c q u i s i t i o n o f f e e d i n g 
s k i l l s . 
I n t h i s s t u d y u s e h a s b e e n made o f t h e f a c t t h a t b i l l 
d e p t h m h e r r i n g g u l l s c o n t i n u e s t o g r o w a f t e r m a t u r i t y , 
w h e r e a s o t h e r b o d y m e a s u r e m e n t s s u c h a s w i n g l e n g t h o r h e a d 
a n d b i l l l e n g t h do n o t ( C o u l s o n e t a l . , 1 9 8 1 ) . A d i f f e r e n c e 
i n a v e r a g e b i l l d e p t h , i n t h e a b s e n c e on e i n h e a d a n d b i l l 
l e n g t h t h e r e f o r e i s i n d i c a t i v e o f a d i f f e r e n c e i n a v e r a g e 
a g e . On t h i s b a s i s a number o f a g e - r e l a t e d t r e n d s i n a d u l t 
m a l e h e r r i n g g u l l s w e r e d e m o n s t r a t e d 
a ) t h e a v e r a g e a g e o f m a l e h e r r i n g g u l l s f e e d i n g a t t i p s 
d e c l i n e d s e a s o n a l l y ( C h a p t e r 3) 
b ) t h e a v e r a g e a g e o f m a l e s i n c o m p e t i t i v e f e e d i n g 
i n c r e a s e d a s t h e f e e d i n g b o u t p r o g r e s s e d ( C h a p t e r 3) 
c ) f e e d i n g s u c c e s s i n m a l e s i n c r e a s e d w i t h a g e ( C h a p t e r 4) 
T h e r e w e r e no s i z e - r e l a t e d t r e n d s i n f e m a l e s , w h i c h s u g g e s t s 
t h a t s u c h e f f e c t s may b e r e l a t e d t o d o m i n a n c e i n c o m p e t i t i v e 
i n t e r a c t i o n s . I s u g g e s t t h a t b i l l d e p t h i t s e l f a c t s a s a 
s i g n a l o f s o c i a l r a n k ( w h e t h e r o r n o r d i r e c t l y a s s o c i a t e d 
w i t h a g e ) a n d t h i s may e x p l a i n why t h i s m e a s u r e m e n t 
c o n t i n u e s t o i n c r e a s e i n a d u l t l i f e a n d a l s o why t h e r a t e o f 
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i n c r e a s e s h o u l d be g r e a t e r i n m ales -than m f e m a l e s ( C o u l s o n 
e t a l . , 1 9 8 1 ) . 
R e f u s e t i p s p r o v i d e a v a r i e t y of f e e d i n g o p p o r t u n i t i e s 
and t h e f e e d i n g methods u s e d by i n d i v i d u a l s of d i f f e r e n t 
s p e c i e s and of d i f f e r e n t age, s e x and r a c e , i n t h e c a s e of 
t h e h e r r i n g g u l l j a r e n o t d i s s i m i l a r from t h o s e r e q u i r e d a t 
o t h e r f e e d i n g s i t e s . G u l l s o f t e n f e e d i n h i g h d e n s i t y 
f l o c k s a t c o n c e n t r a t e d food s o u r c e s where c o m p e t i t i v e 
i n t e r a c t i o n s a r e f r e q u e n t e.g. on f i s h s h o a l s n e a r t h e 
s u r f a c e or s c a v e n g i n g a t f i s h quays. At some f e e d i n g s i t e s 
t h e r e i s a h i g h r e q u i r e m e n t f o r m a n o e u v r a b i l i t y , e.g. 
f e e d i n g b e h i n d t h e plough or s u r f a c e d i p p i n g f o r s c r a p s of 
raw sewage a t a sewage o u t f l o w . Other f e e d i n g s i t e s may 
r e q u i r e more a c t i v e , independent f o r a g i n g e.g. f e e d i n g f o r 
worms on p a s t u r e or f o r m u s s e l s on t h e s h o r e l i n e . Thus, 
t h e c o n s t r a i n t s on f o r a g i n g b e h a v i o u r , namely age and 
e x p e r i e n c e , body s i z e and t h e c o m p o s i t i o n of t h e f e e d i n g 
f l o c k a r e l i k e l y t o be g e n e r a l l y a p p l i c a b l e t o t h e f e e d i n g 
e c o l o g y of h e r r i n g , g r e a t b l a c k - b a c k e d and b l a c k - h e a d e d 
g u l l s . 
W h i l s t r e f u s e t i p s a r e of c o n s i d e r a b l e i m p o r t a n c e t o 
w i n t e r i n g h e r r i n g and g r e a t b l a c k - b a c k e d g u l l s m 
p a r t i c u l a r , t h e q u e s t i o n of t h e r o l e t h a t t h i s food s o u r c e 
might p l a y i n d e t e r m i n i n g w i n t e r s u r v i v a l , and even 
r e p r o d u c t i v e s u c c e s s i n t h e f o l l o w i n g b r e e d i n g s e a s o n , 
r e q u i r e s f u r t h e r i n f o r m a t i o n on t h e r e l a t i v e f e e d i n g 
b e h a v i o u r and p e r f o r m a n c e of i n d i v i d u a l s a t o t h e r f e e d i n g 
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s i t e s d u r i n g t h i s t i m e . T i p s may be l e s s p r e f e r r e d f e e d i n g 
s i t e s f o r some h e r r i n g and g r e a t b l a c k - b a c k e d g u l l s i n t h a t 
both s p e c i e s f e e d t h e r e i n i n c r e a s e d numbers when t h e 
weather i s s e v e r e and o t h e r foods a r e s c a r c e ( C h a p t e r 4) . 
F i v e or t e n f o l d i n c r e a s e s o c c u r m g r e a t b l a c k - b a c k e d g u l l 
numbers whereas t h e change m h e r r i n g g u l l numbers i s 
u s u a l l y p r o p o r t i o n a l l y l e s s . The changes m f l o c k 
c o m p o s i t i o n i n d i c a t e a de g r e e of f e e d i n g s e p a r a t i o n between 
t h e s e x e s f o r b o t h g r e a t b l a c k - b a c k e d and h e r r i n g g u l l s , 
w i t h more f e m a l e s of both s p e c i e s n o r m a l l y f e e d i n g i n l a n d a t 
r e f u s e t i p s and c o r r e s p o n d i n g l y more mal e s u s i n g p r e f e r r e d 
f e e d i n g s i t e s on t h e c o a s t ( C h a p t e r 5) . I d e a l l y , an 
a s s e s s m e n t of t h e r e l a t i v e m e r i t s of d i f f e r e n t f e e d i n g 
s t r a t e g i e s r e q u i r e s some measurement of b o t h t h e c o s t s 
i n c u r r e d and t h e b e n e f i t s o b t a i n e d . The r e l a t i v e 
n u t r i t i o n a l v a l u e of d i f f e r e n t g u l l foods i s h a r d t o a s s e s s . 
C a l o r i f i c v a l u e s f o r r e f u s e a r e e x t r e m e l y m i s l e a d i n g a s t h e y 
a r e c a l c u l a t e d from t h e t o t a l c o mbustion of "whole r e f u s e ' 
w hich, p a r t i c u l a r l y i n more r e c e n t y e a r s , c o n t a i n s a h i g h 
p r o p o r t i o n of , p l a s t i c s , w h i c h c o n t r i b u t e h e a v i l y t o t h e 
o v e r a l l c a l o r i f i c v a l u e b ut w h i c h a r e of no n u t r i t i o n a l 
v a l u e (Sumner, 1971) . I f g u l l s a r e s e l e c t i v e i n what t h e y 
t a k e , a s i s s u g g e s t e d by t h e need f o r young b i r d s t o l e a r n 
what i s e d i b l e and what i s not, t h i s p r e s e n t s f u r t h e r 
d i f f i c u l t i e s , C l e a r l y c o m p a r i s o n s of f e e d i n g s u c c e s s b a s e d 
s i m p l y on s w a l l o w i n g r a t e s beg t h e q u e s t i o n of what i t i s 
and how much of i t t h a t t h e b i r d i s s w a l l o w i n g . 
106 
C a l c u l a t i o n s of t h e e n e r g e t i c c o s t s of f o r a g i n g b a s e d on 
t h e o r e t i c a l v a l u e s a r e s u b j e c t t o l a r g e e r r o r s and t a k e no 
a c c o u n t of t h e i n d i v i d u a l ' v a r i a t i o n w h i c h i s c l e a r l y of 
i m p o r t a n c e . I d e a l l y , b e h a v i o u r a l o b s e r v a t i o n s and t i m e 
budget a n a l y s i s , s u c h a s h a s been p r e s e n t e d h e r e , s h o u l d be 
combined w i t h some measurement of t h e m e t a b o l i c c o s t s of 
d i f f e r e n t a c t i v i t i e s a l o n g t h e l i n e s of t h e work of B r y a n t & 
W e s t e r t e r p ( 1 9 8 2 ) . 
T h i s s t u d y h a s d e m o n s t r a t e d t h a t f e e d i n g a t a r e f u s e 
t i p i s a complex p r o c e s s . I n d i v i d u a l b i r d s a r e p r e s e n t e d 
w i t h a number of f e e d i n g o p p o r t u n i t i e s w h i c h d i f f e r a s t o 
t h e n d u r a t i o n and a s t o t h e n a t u r e of t h e f e e d i n g methods 
r e q u i r e d . That d i f f e r e n t i n d i v i d u a l s do make d i f f e r e n t 
c h o i c e s and t h a t t h e s e c h o i c e s a r e r e l a t e d t o c o n s t r a i n t s 
s u c h a s body s i z e , i s e v i d e n c e of a d e g r e e of a s s e s s m e n t of 
t h e r e l a t i v e p r o f i t a b i l i t y of d i f f e r e n t s t r a t e g i e s . 
A l t hough t h e food s u p p l y i s t e m p o r a r i l y abundant, a c c e s s t o 
i t i s r e s t r i c t e d and so a premium i s p l a c e d on f o r a g i n g 
e f f i c i e n c y . H e r r i n g g u l l s t a k e a t l e a s t f o u r y e a r s t o 
improve t h e i r p e r f o r m a n c e i n c o m p e t i t i v e i n t e r a c t i o n s and t o 
d e v e l o p t h e s k i l l s n e c e s s a r y t o e x p l o i t t h i s food s o u r c e 
s u c c e s s f u l l y . 
T h e r e i s a c o n s i d e r a b l e need f o r f u r t h e r work on t h e 
f e e d i n g p e r f o r m a n c e of h e r r i n g g u l l s and t h e n a t u r e of t h e 
i n t e r - and i n t r a - s p e c i f i c i n t e r a c t i o n s w h i c h o c c u r a t o t h e r 
f e e d i n g s i t e s , s u c h a s a t s e a . 
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Appendix A 
L i s t of t h e e n v i r o n m e n t a l v a r i a b l e s c o n s i d e r e d f o r t h e 
m u l t i p l e r e g r e s s i o n a n a l y s i s on t h e number of h e r r i n g , g r e a t 
b l a c k - b a c k e d and b l a c k - h e a d e d g u l l s v i s i t i n g r e f u s e t i p s i n 
n o r t h e a s t E n g l a n d throughout t h e w i n t e r . An a s t e r i s k 
d e n o t e s t h o s e v a r i a b l e s w h i c h were s u b s e q u e n t l y u s e d i n t h e 
a n a l y s i s ( s e e C h a p t e r 4 ) . 
R e c o r d s from Tynemouth 
*1. A i r t e m p e r a t u r e a t 0600h i n d e g r e e s c e l c i u s 
2. A i r t e m p e r a t u r e a t lBOOh on t h e p r e v i o u s day i n d e g r e e s 
c e l c i u s 
*3. Wind speed a t 0600h i n k n o t s (1 knot=1.85 km/h) 
*4. Wind speed a t 1800h on t h e p r e v i o u s day m k n o t s 
*5. Wind d i r e c t i o n a t 060Oh coded f o l l o w s : 
O - o f f s h o r e ; 1 - onshore 
6. Wind d i r e c t i o n a t 1800h on p r e v i o u s day (coded a s 
above) 
*7. S i z e of t h e f i s h c a t c h l a n d e d a t North S h i e l d s from 
i n s h o r e and o f f s h o r e v e s s e l s m cwt (1 cwt=5 0.8 g) and 
c o n v e r t e d t o n a t u r a l l o g a r i t h m s 
8. S i z e of t h e f i s h c a t c h l a n d e d a t North S h i e l d s on t h e 
p r e v i o u s day (measured as a b o v e ) . 
R e c o r d s from Durham O b s e r v a t o r y ( r e a d i n g s t a k e n a t 0900h 
u n l e s s o t h e r w i s e s t a t e d ) 
9. Minimum t e m p e r a t u r e i n d e g r e e s c e l c i u s 
120 
10. Maximum -temperature m degrees c e l c i u s 
*11. F r o s t coded as fol l o w s : 
1 - no overnight f r o s t ; 2 - overnight f r o s t 
12. State of the ground coded as f o l l o w s : 
1 - ground dry, moist or wet; 2 - ground p a r t i a l l y or 
t o t a l l y covered with i c e or snow 
13 R a i n f a l l 
14 Wind speed i n knots 
